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Ends your floor and wall tile problems... 
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Supertite 


Resinous Grout Cement 


Supertite is a resinous grout cement and unlike 
ordinary cementitious material, is absolutely im- 
mune to the corrosive effects of food acids, sugars 
and syrups. It will not deteriorate with age, it 
eliminates joint failure in walls and floors. 

Supertite Grout Cement gives your tile walls and 
floors complete resistance to attack by food acids, 
cleaning solutions, organic chemicals and water. 


* Resists Cleaning Compounds 
¢ Resists Food Acids 
¢ Stops Joint Failure 


Supertite is a mortar type acid-alkali resistant 
grout cement that sets quickly and “welds” brick, 
tile and glass block together. It has great impact 
resistance and a high degree of flexibility...sets 
quickly and bonds permanently, yet is exception- 
ally easy to clean. 


Supertite adds years of service to both new and 
old floors and eliminates contamination problems. 


For information and illustrated technical data, write: 
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Corrosion history of a West Texas well, 


showing coupon corrosion rate with time 


First Treatment ¥— 


KONTOL puts the Squeeze on corrosion 


Results at a West Texas well show why the Konro.* 
Corrosion Inhibitor squeeze technique is rapidly gain- 
ing favor with producers everywhere. Located in Crane 
County, this well is completed in San Andres pay at 
3,500 feet. Production rate is 70 bbl. per day, with 
just a trace of water. It was decided to try KonToL 
inhibitor squeeze after coupon testing showed a corro- 
sion rate of approximately 39 m.p.y., and rods were 


beginning to pit. 


KONTOL treating is simple 


Inhibitor squeeze treating began by pumping a 
mixture of 30 gallons of Konrot dispersed in 100 bbl. 
of crude oil into the formation through the casing- 
tubing annulus. This was followed by a 100 bbl. crude 
oil overflush. Surface pressure was approximately 
1,000 psi during the squeeze. Following this treat- 


ment, the well was closed for 20 hours. 


*Registered trademark, Petrolite Corporation 


KONTOL resu/ts are positive 


During the first five months following treatment, 
the corrosion rate varied from a high of 21 m.p.y. to 
a low of 0.5 m.p.y. For 11 weeks of this period the rate 
was below 5.0 m.p.y. No equipment failures due to 
corrosion were reported during the five-month period. 


KONTOL protection is long-lasting 


Six months after original squeeze treatment the 
corrosion rate was still satisfactory, but it was decided 
to resqueeze the well to make certain of uninterrupted 
protection. During the following 90 weeks, coupon 
tests showed a corrosion rate that averaged 2.0-3.0 
m.p.y.—proof of Konrou’s enduring effectiveness. 

Ask the Man in the Red Car to explain how Kontou 
Corrosion Inhibitor squeeze treating offers advantages 
over conventional batchtreating methods. : 
Let him prove why Konto. can 
be applied more easily and 
economically, with lasting results, 
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you get 
more for 
your 
COATING dollar 


when you specify 


TUBE- 
KOTE 


here’s why 


* Tube-Kote coatings are custom 


manufactured in Tube-Kote’s own 
Houston plant for application in all 
branch plants to meet the exacting 
requirements of service in oil field 
tubular goods 


* Tube-Kote is the only company of 


its type to have a fully staffed and 
equipped research facility to de- 
velop superior coatings and to 
supervise quality control every step 
of the way during coating applica- 
tions 


* Tube-Kote is the only coating com- 
pany capable of giving you com- 
pletely qualified sales engineering 
assistance and the research ability 
to help you with your specialized 


coating or lining needs 


« Tube Kote is the only company of 


its type to mark each length of 
pipe to identify it by grade and 
type of coating with markings 
baked on to stay 


* Tube-Kote automatically holiday 


checks every length of pipe to 
assure quality applications 


* With large coating plant facilities 


in Houston; Harvey, Louisiana; 
Midland, Texas and Edmonton, Al- 
berta, Canada, you can be assured 
of uniform high quality because of 
the automated processes and Tube- 
Kote’s research department’s 
insistence upon supreme high 
quality 


Considering the importance of the 
coating you apply to your oil field 
tubular goods, and the comparative 
high cost of coating failures, 
doesn’t it make good sense to ask 
for and demand Tube-Kote coat- 
ings, the finest available? : 
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This Month in-Corrosion Control . . . 


ALLOYS OF FISSIONABLE materials with aluminum 
and silicon were tested to determine their corrosion 
resistance in high purity water at 350-360 C. Corrosion 
of fuel elements accidentally exposed to deionized water 
in a reactor presents a serious problem because volu- 
metric changes cause the fuel slugs to stick in their 
channels. Turn to Pages 9 and 12. 


TRAINING GAS COMPANY personnel in corrosion 
prevention involves canny management decisions, if the 
program is to produce results. Details of one company’s 
program are given in an article beginning on Page 14. 


CENTRAL POWER STATION corrosion problems, 
and some solutions, affecting seizing of turbine control 
and stop valves, wastage of turbine blades, brass, alu- 
minum and stainless steel heat exchanger tubing, and 
some design changes are discussed beginning on Page 18. 


FLUOROCARBON PISTON RINGS blended with 
glass fibers, carbon and graphite and flexible hose lined 
with fluorocarbon resins are discussed and case histories 
given in an article beginning on Page 26. 


SHIP BOTTOM PAINTS can be tested with greater 
accuracy by a method given in an article beginning on 
Page 28 than they can with ship trials, authors claim. 
Advantages claimed for the laboratory tests include 
better control over conditions and precise timing. 


PORTLAND, OREGON will be the scene of Western 
Region’s October 4-6, 1961 annual meeting. A complete 
summary of the technical program scheduled is given 
on Page 47. 


INTERFERENCE PROBLEMS usually encountered 
when cathodic protection systems are installed in a con- 
gested industrial area are minimized with deep ground 
beds. How one company solved a particularly knotty 
problem of this kind is described beginning on Page 75. 


PITS IN WATER FLOOD steel injection lines can 
be anticipated from results of a test described beginning 
on Page 77. When a flood fluid shows pitting tendencies, 
most often due to oxygen, a scavenger plus a relatively 
low inhibitor concentration usually prevents damage. 
Also described is a low cost, rapid test probe which aids 
in monitoring the system. 


EXTERNAL CORROSION of oilwell casings can be 
checked and recorded with an eddy current instrument 
described beginning on Page 81. Logs of downhole runs 
on 40,000 feet of tubing are summarized. The tool is 
non-contacting, unaffected by dirt and scale, canting is 
not significant, 360 degree scanning is obtained, logging 
at speed up to 3600 feet per hour is possible and it uses 


a single conductor type logging cable and is independent 
of fluid in the hole. 


CORROSION, July, 1961 


SEVERELY COLD WORKED STEEL has a signifi- 
cantly lower desorption rate for hydrogen than material 
worked less or annealed. This paper, beginning on Page 
86, is the third by the same authors on this subject. 


CORROSION RATES of carbon steel in boiling solu- 
tions of sodium carbonates saturated with carbon dioxide 
were reduced 96 percent when 0.3 percent hydrogen 
sulfide was added. For more information on this and 
other data on stainless steels and Monel in this environ- 
ment, turn to Page 89. 


STRESS-CORROSION CRACKING is reviewed in 
an article beginning on Page 92. A concise summary of 
the information currently available on this important 
corrosion subject. 


EFFECT OF TROPICAL environments on stainless 
steel, part 5 of the series of articles on the effect of 
tropical environments on metals, begins on Page 97. 
Eight year tests on six steels in water and atmospheric 
environments of the Panama Canal Zone are reported. 
Comparisons are made between performance of the 
stainless and that of phosphor bronze, naval brass and 
structural steel. 


EFFECT OF IMPURITIES in water on the corrosion 
rates of aluminum and steel are evaluated beginning 
on Page 105. The conductance technique was used to 
determine variations in the corrosion rate. 


REDUCING OXIDATION RATE of iron at 750-1025 
C with chromium is discussed in an article beginning 
on Page 109 concerning the rates of oxidation of 0.2 
to 10 percent chromium-iron alloys. The growing need 
for data on performance of materials at high tempera- 
tures makes articles of this kind important. 


GROUND RODS of mild and galvanized steel, copper 
clad steel, Ni-Resist and Type 302 stainless will be 
examined at intervals of one, three and seven years to 
determine the extent of corrosion suffered when these 
rods are used to ground neutrals of domestic electrical 
circuits. A progress report on this program conducted by 
NACE Task Group T-4A-3 on Methods and Materials 
for Grounding begins on Page 117. 


UTILITY PRACTICES for controlling corrosion of 
pipe-type electrical transmission cable are summarized 
in a report by NACE T-4G committee on Protection 
of Pipe-Type Cables beginning on Page 119. Extensive 
data on 301 miles of cable installed in the interval 
1953-58 are given. An earlier report on this same subject 
was published in Corrosion in 1954. 


HULLS OF NAVAL VESSELS have been satisfac- 
torily protected from corrosion for as long as three years 
with magnesium anodes. Data on this cooperative in- 
vestigation between the Naval Research Laboratory and 
the Bureau of Ships will be found in an article beginning 
on Page 125. 
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T IS EXTREMELY GRATIFYING to note 


the constantly increasing interest in corrosion 
control among managers, engineers and scientists 
all over the world. This interest is demonstrated 
by the recent formation of associations of persons 
concerned with the problems in Australia-New 
Zealand and scheduled organizations of similar 
groups in other countries. This, added to the 
accelerated activity of NACE and corrosion con- 
trol organizations existing elsewhere is strong evi- 
dence that the awakening is world-wide. 


Not least among the important evidences of 
interest is the rapidly increasing number of in- 
quiries received by NACE for copies of its tech- 
nical material and from organizations engaged 
in studies of the economic potential of various 
kinds of goods and services suited to corrosion 
mitigation. Producers of materials, equipment 
and devices suitable for use in corrosive environ- 
ments, or who are investigating the advisability of 
producing such devices—are making inquiries 
about the economics of corrosion control. Some of 
these inquiries, considered solely from the im- 
plications in the kinds of questions asked, indicate 
that knowledge of the corrosion control problem 


is either rudimentary or nonexistent. 


In a recent month, requests for copies of litera- 
ture have been received by NACE from such 
widely separated places as New York, Portugal, 
California, Puerto Rico, Belgium, Massachusetts, 
England, Yugoslavia, Argentina, Canada, Japan, 
Australia, Pennsylvania, Alabama, New Zealand, 
France, Norway, Chile, Holland, Israel and 
Turkey. 


Concurrently, there has been an increase in 


the number of companies assigning to members 


Growing Interest in Corrosion Control 





of their technical staffs the responsibility of con- 
trolling corrosion. 

There, seems to be solid technical justification 
for NACE to direct more of its attention to 
materials other than metals. Deterioration proc- 
esses of non-metals, while not precisely the same 
as for metals, often are sufficiently similar to 
justify adaptation of remedial measures designed 
originally for metals. Strong evidence is mounting 
that attacks on non-metallics by corrosives have 
mechanisms analogous to attacks by corrosiyes 
on metals. 

No longer is there a clear cut distinction be- 
tween metals and non-metals as to their properties 
and reactions. There are plastic nails now which 
can be hammered through wood. Extraordinarily 
high strengths are achieved with laminates. New 
classes of materials based on inorganic structures 
are contemplated; some are experimentally pro- 
duced. Performance of materials in extremely 
high and low temperatures constantly surprises 
experimenters. Mixtures of metals and non-metals 
are common; wood impregnated with plastic be- 
comes neither plastic nor wood. Metals are even 
being mixed (not alloyed) with metals. 

These complexities become further involved as 
improved understanding of properties and re- 
actions leads to changes in previously accepted 
hypotheses and theories. An example of this is 
the resurgent interest in ionic states of matter. 
Another is the growing body of evidence about 
the influence of electrical and magnetic fields on 
properties and reactions. 

These developments all point unerringly to 
greater importance for NACE as a tool to reduce 
corrosion damage. They reiterate the importance 
of industrial participation in the association’s ac- 
tivities, and the value of the association’s con- 
tribution to the economy. 
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NNR Ha aC LOT TEM LETT TTI 
New Solution to Heater Treater Corrosion 


COMPLETE PROTECTION 


Titanium has the unique ability to effectively 
insulate itself and resist corrosion in electrochem- 
ical circuits by absorbing oxygen at its surface. 
When titanium is coated with a layer of platinum, 
performance is equal to that of a solid platinum 
anode but at a fraction of the cost. 


EASIER INSTALLATION 


CPS’s new small Platinum-Titanium anodes 
are especially valuable in Heater Treaters, Salt- 
water Vessels, Heat Exchangers, Water Lines 
(internal), Pump Manifolds and Process Equipment 
where space, temperature and corrosive gases 
make conventional anodes questionable, imprac- 
tical or difficult to install. 
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NO DOWN TIME 


By using the simple Hot Tapping Tool and 
Lubricator, hot taps and anode installation can be 
made without taking existing vessels out of service. 

Let one of our 20 experienced engineers make 
recommendations for specific installations of CPS 
Platinum-Titanium anodes. Call, wire or write the 
CPS office nearest you. 


cathodic protection service 


P. 0. Box 66387 Houston 6, Texas oy eal B 
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Introduction 


NE OF the fuel element cores for 

the Plutonium Recycle Test Reactor 
at Hanford is a dilute aluminum-plutonium 
alloy. Little is known about corrosion 
behavior of this material. The aluminum- 
uranium and aluminum-plutonium alloy 
systems present many similarities on 
the basis of their phase diagrams.’ 
While specialized corrosion facilities 
were being assembled preliminary tests 
were performed using uranium as a 
stand-in for plutonium. 1245 aluminum- 
uranium and 1245 aluminum-uranium- 
silicon systems were chosen for study 
because they were most favorable from a 
nuclear efficiency standpoint. Nickel 
additions, although they have been found 
effective in increasing the corrosion re- 
sistance of low uranium-aluminum alloys 
were not made in these preliminary 
studies. 


Experimental Procedure 
Preparation of Alloys 


Aluminum-uranium master alloys were 
diluted to the proper concentrations with 
1245 aluminum. In the AI-Si alloys, sili- 
con metal was added to bring the silicon 
content of the alloy to 12 weight- 
percent. The materials were melted in 
air and held at a temperature of 750 to 


Abstract 


Tests in 350 C deionized water of alu- 
minum-uranium alloys were made in an 
effort to predict behavior in this en- 
vironment of aluminum-plutonium alloys, 
corrosion behavior of which is unknown. 
Aluminum-silicon-uranium alloys also 
were tested under the same conditions. 
Samples prepared by casting, of wrought 
material, and of castings by the cryolite 
process were compared. ests showed 
no samples significantly distorted jackets 
when there were minor openings in the 
jackets. Aluminum alloys with less than 
6 weight-percent uranium were uwunsatis- 
factory. Aluminum-silicon alloys contain- 
ing up to 6 weight-percent uranium were 
satisfactory. Some as-cast aluminum- 
uranium alloys were preferable to alu- 
minum-silicon. 4.6.5, 6.4.2, 3.5.9 


800 C for approximately five minutes. 
The metal was then cooled to 680-700 C 
and cast into 6-inch-long rods in a 
graphite mold. The wrought alloys were 
worked by hot rolling 0.875-inch diam- 
eter rods to 0.6-inch diameter and then 
machining to 0.5-inch diameter. The test 
specimens were fabricated by inserting 
2-inch-long rod sections into Zircaloy-3 
tubing and welding them shut with 
Zircaloy-2 end caps. 


Alloys used in the final test were cast 
by the cryolite process. Sintered, ball 
milled UO2 was charged with aluminum 
and cryolite (Na;AIF.) into a graphite 
crucible. The crucible was then heated 
in air to 1050 to 1100 C and held in this 
temperature range for 20 minutes. The 
salt layer was then poured off and the 
crucible allowed to cool to 1000 C. The 
alloy was then cast into rods in a 
graphite mold and were water quenched 
soon after freezing. 


Corrosion Tests 


Five one-day tests were run on the 
alloys in 350 C deionized water with a 
refreshment rate of 1 gph. Aluminum 
alloys containing 1.6, 4.5 and 6 weight- 


(Continued on Page 10) 


* Revision of a paper titled “High Tempera- 
ture Corrosion of Aluminum-Plutonium and 
Aluminum-Silicon-Plutonium Alloys’  sub- 
mitted for publication October 13, 1959. 


Figure 1—Test One of defected clad pieces. Sample 1: 6 percent uranium in aluminum cast. 
Sample 2: 1.65 percent U in AI-Si cast. Sample 3: 6 percent U in AI-Si wrought. Sample 
4: 6 percent U in AI-Si cast. 
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Figure 2—Test Two of defected clad pieces. Sample 1: 4.54 percent U in Al cast. Sample 
2: 6 percent U in Al wrought. Sample 3: 6 percent U in Al cast. Sample 4: 1.65 percent 
U in Al-Si cast. Sample 5: 6 percent U in Al-Si wrought. Sample 6: 6 percent U in AI-Si cast. 
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Figure 3—Test Three of higher uranium concentrations. The two samples in each portion (A, B, and C) are 6 percent U on the left and 


10 percent U on the right. 
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(Continued from Page 9) 


percent uranium were tested in the as- 
cast and wrought condition; both bare 
and jacketed samples were used. As- 
cast aluminum alloys containing 1.4, 2.7, 
10, 13 and 15 weight-percent uranium 
were tested bare. Al-12 weight-percent 
Si alloys containing 1.6 weight-percent 
uranium were tested as-cast and wrought. 
The Al-Si alloys were tested both bare 
and jacketed. Results were interpreted 
by visual examination to locate samples 
which, by corrosion products, 


gross 


Results and Discussion 
Following is a detailed description of 
the corrosion tests run and the results 
obtained. All tests are summarized in 


Table 1. 


Test Es Defi cted ( lad Pieces 

The initial test was of defected clad 
pieces. A Yge-inch diameter hole was 
drilled through the cladding of the sam- 
ples to the alloy core. The samples were 
autoclaved for 24 hours at 350 C and 
inspected. Because no dimensional change 
was noted on any of the samples, they 
were then autoclaved to a total exposure 


of 72 hours. There was still no dimen- 
sional change in any of the samples, so 
they were cut in half longitudinally and 
the alloy inspected. A light surface oxide 
was found on all the alloys but there 
was no evidence of accelerated attack. 
It is felt that initial corrosion at the 
defect in the samples formed oxide 
which “stoppered” the hole in the jacket 
and prevented more water from coming 
into contact with the core alloys. 

A section from each of the samples 
was then tested bare for 22 hours in 
350 C water. The Al-1.6 weight-percent 
U and the AI-4.5 weight-percent U 
alloys, both as-cast and wrought, and 
the Al-6 weight-percent U wrought alloy 
were completely destroyed. The AI-6 
weight-percent U as-cast alloy showed 
accelerated attack only on the face which 
had been worked by cutting. The rest 
of the sample was covered with a uni- 
form dark grey oxide film. The Al-Si-1.6 
weight-percent U as-cast alloy had a 
uniform oxide film with no evidence of 
accelerated corrosion. The Al-Si-6 weight- 
percent U wrought alloy was covered 
with a heavy white oxide with massive 
metal underneath. Accelerated corrosion 
had started on the cut face of the Al-Si-6 
weight-percent as-cast alloy. The latter 
four samples are shown in Figure 1. 


Test 2: Defected Clad Pieces 

This repeated Test 1 except that de- 
fects were made large enough to prevent 
plugging with oxide. Two slots were cut 
longitudinally through the cladding to 
the alloy with a band saw. The pieces 
were autoclaved for 24 hours in 350 C 
water. All the AlI-U alloys below 6 
weight-percent U and the Al-6 U wrought 
alloys were destroyed and the claddings 
were either split or badly swollen. The 
Al-6 weight-percent U as-cast alloy had 
a very slight swelling at one slot. There 
was no dimensional change with any of 
the Al-Si-U alloys. Samples from this 
test are shown in Figure 2. 


Test 3: Higher Uranium Concentrations 

Aluminum alloys containing 6 and 10 
weight-percent uranium were now tested 
to determine if the protection gained in 
the 6 weight-percent uranium as-cast 
alloys could be extended to higher con- 
centrations. No more AI-Si alloys were 
tested, as silicon presents a separation 
problem® and it would be a great ad- 
vantage if the same order of corrosion 
resistance could be attained in Al-U 
alloys. 

A six-inch-long rod of each material 
was cut into three 2-inch long sections. 
One end section of each alloy was tested 


Figure 4—Test Four of cryolite process samples. From left to right the samples are 1.4 percent U, 2.7 percent U, 13 percent U and 15 percent U. 
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TABLE 1—Summary of Test Results 
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without further treatment. The other 
end sections were heated in an air fur- 
nace at 500 C for seven days for homog- 
enization. Fifteen mils of metal was re- 
moved from one end of the center sections 
in a HsPO.-H2SO.- HNO, chemical pol- 
ishing bath to remove the cold work. 
The samples were tested for 24 hours 
in 350 C water. 

Samples tested without special treat- 
ment verified the results obtained in 
Test 1. The pieces corroded rapidly at 
the cut end, but showed no accelerated 
attack on the remainder. The 6 weight- 
percent samples showed more severe 
attack, indicating greater sensitivity to 
cold work (Figure 3A). Secticns which 
had 15 mils of metal removed from one 
end showed also that the 6 weight- 
percent U alloy is more sensitive to cold 
work. Though the samples received the 
same amount of cold work during cut- 
ting and the same amount of metal was 
removed from both alloys, the 6 weight- 
percent U alloy corroded rapidly at both 
ends while the 10 weight-percent U alloy 
corroded rapidly at the untreated end 
only (Figure 3B). Homogenization defi- 
nitely improved resistance of the sam- 
ples. Although the 6 weight-percent U 
sample showed accelerated attack at the 
cut end it was not as severe as in the 
other 6 weight-percent U samples. The 
10 weight-percent U sample showed very 
little attack anywhere on the sample 
(Figure 3C). 


Test 4: Cryolite Process Samples 

Samples used in this test were rod 
ends from alloys cast by the cryolite 
process for comparison with normally 
cast material. Higher uranium concen- 
trations also were available in this ma- 
terial. The test was again for 24 hours 
in 350 C water. Results of the other 
tests were confirmed, i.e., the difference 
in method of preparation was not a 
significant factor in corrosion behavior. 
Alloys containing 1.4 and 2.7 weight- 
percent uranium were almost completely 
destroyed. Alloys containing 13 and 15 


Cast. One cut end etched 


C; ast. Homogenized 


Cast. C ryolite process | 


baie pra ec '< ast. Cry olite process 
| 


Cast. C ryolite process 


Accelerated attack at cut end 


Accelerated attack a at unetched end 








weight-percent uranium corroded rapidly 
only at the cut, cold-worked ends 
(Figure 4). 


Conclusions 


From these tests, the following con- 
clusions can be drawn: 


1. None of the clad aluminum-uranium 
or aluminum-silicon-uranium alloys cor- 
rosion tested with a Ye-inch diameter 
defect in cladding distorted the jacket 
enough to reduce water flow in a process- 
tube. 


Aluminum alloys containing less 
than 6 weight-percent uranium are not 
satisfactory high temperature fuel ele- 
ment cores from the standpoint of swell- 
ing in case of an extensive jacket failure. 


3. Al-Si alloys containing up to 6 
weight-percent uranium are satisfactory. 
Higher uranium contents probably also 
are satisfactory but were not tested. 


4. As-cast aluminum alloys containing 
from 6 to 15 weight-percent uranium 
are comparable to the AI-Si alloy and 
are preferable to Al-Si because of the 
separations problem presented by silicon. 


In no case was the attack as severe 
on the aluminum-uranium alloys as it 
would be on metallic uranium. 
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Abstract 


Aluminum-plutonium and aluminum-sili- 
con-plutonium alloys were tested in 350 
and 360 C deionized water in a static 
autoclave. Alloys were air-melted and 
cast. Tests showed low percentage 
aluminum-plutonium alloys had little re- 
sistance to corrosion but that resistance 
increased with increased plutonium. 
Working the material drastically de- 
creases resistance. Silicon additions make 
some alloys resistant to attack for at 
least 24 hours and also less sensitive to 
working. 6.4.2, 4.6.5, 3.7.2, 3.5.9 


Introduction 
NE of the proposed fuel cores for 
the Plutonium Recycle Test Re- 
actor at Hanford is an aluminum-pluto- 
nium alloy. The corrosion behavior of 
this class of alloys in high temperature 
water has not been determined, though 
the behavior of the similar aluminum- 
uranium system has been described.’ 
Two alloy systems, 1245 aluminum- 
plutonium and 1245 aluminum-silicon- 
plutonium were chosen for investigation 
because they are most favorable from a 
nuclear efficiency standpoint. Nickel ad- 
ditions, though effective in increasing 
the corrosion resistance of the one to 
two percent uranium-aluminum alloys 
were not made in these preliminary 
studies. 


Experimental Procedure 

Alloys all were air-melted in clay-gra- 
phite crucibles in a resistance wound 
furnace. Raw materials used were 1245 
Al, commercial eutectic Al-Si alloy and 
metallic Pu. Melts were held at 
temperature and stirred manually until 
complete solution was obtained. Casting 
temperatures generally were 50 - 75 C 
above liquidus. No flux was used in fabri- 
cation. Alloys were cast into % or %- 
inch diameter warm graphite molds 
with a wall thickness of %-inch. Alloys 
were radiographed to detect porosity 
and segregation and insure that samples 
were of the required quality. See Table 1. 

Samples to be tested were prepared 
by one of the following methods: 

1. A 2-inch long end section was cut 
from a 6-inch long cast rod. The cut end 
was etched in a 78 percent commercial 
HsPO,, 11 percent commercial HNO, 
11 percent commercial H:SO,, and 0.8 
g/l FeSO.7H:0 chemical polishing 
bath. This was done to remove the cold 
work due to cutting. This left an as-cast 
and an etched cut end on the sample. 

2. A 2-inch long section was cut from 
the center of a 6-inch long cast rod. One 
end was treated in a polishing bath as 
above. This left a cut end and an etched 
cut end on the sample. 

3. Two-inch long sections were cut 
from 14-inch diameter extruded rod and 
tested without further treatment. 

A simple static autoclave installed in 
a hood to prevent spread of contamina- 


+ Submitted for publication October 13, 1959. 
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tion from the metal and corrosion prod- 
ucts was used. 

No quantitative measurements were 
attempted and all results were interpre- 
ted by visual observation. 


Results and Discussion 


Tables 2 and 3 give results of samples 
tested in 350 and 360 C static deionized 
water respectively. They bear out re- 
sults obtained in the tests of the alumi- 
num-uranium alloys in all cases. The 
two alloy systems seem comparable 
under the conditions of test. Tempera- 
ture dependence of the attack indicated 
by comparison of results at the two 
temperatures is greater than one would 
expect from a 10 degree differential. 
However, this may be an alloy effect or, 
as the 360 C tests were the first run in 
new equipment, it may be an operat- 
ing variable. 


Conclusions 


The following conclusions may be 
drawn from these tests: 

1. Low percentage (6 percent) alumi- 
num-plutonium as-cast alloys have little 
resistance to rapid high temperature at- 
tack but resistance increases with in- 
creasing plutonium content up to at least 
13 percent Pu. 

2. Any working of the material drasti- 
cally decreases its resistance to attack as 
compared to as-cast material of the 
same Pu content. 

3. Addition of 12 percent silicon to 
aluminum-plutonium alloy makes the al- 
loys up to at least 15 percent Pu re- 
sistant to attack for at least 24 hours 
and makes them less sensitive to work- 
ing. 
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TABLE 1—Description of Alloy 
Preparation 


Soak Casting 


Max. a 
Alloy* Melt °C | Time (hrs) °C 
Al-Si-Pu 
2 Pu ; 925 2 700 
5 Pu . 900 2 725 
10 Pu 900 | 1% 775 
1S Pe «s.5-5: 950 | 4 850 
Al-Pu | | 
| 4 730 


To 15 Pu. | "900 





* Weight percent. 


Aluminum-Plutonium and Aluminum-Silicon-Plutonium Alloys * 






TABLE 2—Rapid High Temperature 
Attack by Al-Pu Alloys in 350 C Water 









































wt. Sample 
Per- Treat- 
cent |Time| ment 
Pu (hr) |(see text) Results 
13 24 1 \Y%" D spot attacked 
on etched cut end. 
13 24 2 4%" D spot attacked 
on both ends. 
10 24 1 Not attacked 
10 24 2 Both ends and one 
side attacked 
6 24 1 Not attacked 
6 24 2 Badly attacked on cut 
end and one side 
1.8 24 1 
———_|___|_| Destroyed 
1.8 24 2 
10 3 3 
—_——|_—_ |_| Approximately 4 of 
10 3 3 diameter lost 
1.9 3 3 
——+| | Destroyed 
1.9 3 3 











TABLE 3—Rapid High Temperature 
Attack of Al-Pu and Al-Si-Pu Alloys in 






























































360 C Water 
wt. Sample 
Per- Treat- 
cent |Time| ment 
Pu (hr) |(see text) Results 
13 24 1 Etched cut end attack- 
ed 
13 24 2 Both ends attacked 
and % of sample 
destroyed 
10 24 1 Etched cut end attack- 
ed, 2 small spots 
on side attacked 
10 24 2 Cut end and one side 
of sample attacked 
and % of sample 
destroyed 
6 12 1 Etched cut end attack- 
ed and \% of sample 
destroyed 
6 12 2 
1.8 12 1 Destroyed 
1.8 12 2 
15* 24 1 
15* 24 2 
10* 24 1 
10* 24 2 
ee at OE MRR ee 
5* 24 1 
5* 24 2 
1.8* 24 1 
1.8* 24 2 
* In Al-12% Si 
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RESEARCH EFFORT: To provide ever-improved 
plastic coatings to our customers by developing even 
better methods of insuring maximum quality and pu- 
rity of Plasticap coatings applied to tubular goods. 


RESULT: Air dehydrators have been installed at 
all Plastic Applicators plants to remove water, oil, 
and other impurities from air used in applying Plas- 
ticap coatings. 
® Furnishing the best possible plastic coatings to 
the oil industry is the number-one task at Plastic 
Applicators. Therefore a continuous high-priority 
research program is conducted in our own labora- 
tories and in those of independent research or- 
ganizations under contract to Plastic Applicators. 
BETTER *® Among the many advances that have come 
from this sustained research program was confir- 
mation of the fact that conventional air-cleaning 
COATINGS equipment does not completely remove airborne 
water and oil. Remaining water and oil can form 
emulsions that are harmful to plastic coatings. To 
TH erties! eliminate this possibility, Plastic Applicators has 
installed air dehydrators at each of its plants to 
remove all water, oil, and other impurities from 


eyelet i air used in applying Plasticap coatings. 
PROTECT YOURSELF AND YOUR PIPE. SPECIFY PLASTICAP. MORE 
TUBULAR GOODS ARE PROTECTED WITH PLASTICAP 
THAN ANY OTHER COATING. 













































































ORROSION CONTROL efforts of 

a company can be made more ef- 
fective through a training program 
based on the company’s particular train- 
ing needs if the program is carefully 
planned, effectively conducted and prop- 
erly evaluated. 

This article describes the experience 
of Oklahoma Natural Gas Company in 
the use of a training program to im- 
prove its personnel’s cathodic protection 
installation and maintenance work. The 
program was begun after a test given 
to company personnel showed that they 
did not fully understand the importance 
of proper installation in cathodic protec- 
tion work. 


Planning a Training Program 

The essential first step in launching 
a training program, whether in corro- 
sion control or any other field of work, 
is to obtain a realistic survey of training 
needs and to analyze them in terms of 
scope and type of training required. 
Only after specific needs are known can 
an effective and economical training 
program be organized. Before an indi- 
vidual worker can be trained to improve 
his work, his supervisor must determine 
what the worker’s performance should 
be in comparison with what it is. 

Unless proper planning is an integral 
part of a training program, inadequate 
training may result. Borrowing tr aining 
programs from another company, even 
though it is a successful program, may 
not satisfy the needs of a specific com- 
pany. 

The story is told of a meeting of 
men interested in a particular training 
program in which one man was asked, 
“How did you get your program 
started?” He replied, “We borrowed it 
from the telephone company.” The tele- 
phone company representative who was 
present admitted, “We borrowed it from 
a gas company.” The gas company rep- 
resentative astonished the group by say- 
ing, “The fact is, we discarded that pro- 
gram about two years ago because it 
did not produce results.” 


Principles Involved in Training 

A training program should be geared 
to meet current and projected man- 
power needs. Too much training is just 
as wasteful as too little. The program 
should be tailored to individual require- 
ments and potential abilities because all 
employees cannot be trained to a com- 
mon level of performance. Each person 
different attitudes, interests 
and learning ability. 


possesses 


Determining Training Needs 

The process of determining training 
needs involve two basic steps: (1) recog- 
nition of the problem area and (2) anal- 
ysis of the problem to determine what 
part of it can be solved by training. 
Such needs are obvious when the fol- 
lowing situations are found: excessive 
rework, expanded operations, new oper- 
ations or procedures, conversion of 


equipment and high accident rate. 
Also, some conditions such as the 
following may involve hidden or ob- 


training: general lower- 
standards, high 
excessive overtime 


scure needs for 
ing of performé ance 
maintenance costs, 
and bottlenecks. 


Several methods can be used to de- 


termine training needs such as confer- 
ences with various levels of manage- 
ment, analysis of performance records 


and reports on maintenance and operat- 
ing costs, questionnaires based on 
specific job requirements and opinion 
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Abstract 


Describes one gas company’s experience 
in planning and setting up a training 
course for its personnel in cathodic pro- 
tection installation. Explains importance 
of planning a training course to achieve 
desired results. Outlines principles of 
training, methods of instruction used, 
er, matter of course and methods of 
evaluating course. Presents a 51-question 
test on cathodic protection and corrosion 
control in general which was given to 
company personnel to determine need 
for training and also used after the train- 
ing course to evaluate how much knowl- 
edge had been acquired by participants. 


ofaly 0.4. 





surveys conducted by outside consult- 


ants. 
Top Management Support Necessary 


The support of top management is 
necessary in any successful training pro- 
gram. If a company officer is asked, he 
generally will reply that employee train- 
ing and development is a must and that 
he will support such activities. This 
favorable attitude of top management 


when communicated throughout the 
company helps stimulate participation 
from supervisors and employees to 


achieve the training objectives. 
Importance of Evaluation 


Evaluation of any training program 
is necessary to determine if desired ob- 
jectives have been fulfilled. Most train- 
ing programs can be evaluated in sev- 
eral ways. The following three points 
should be included: (1) study of condi- 
tions before the training program is 
begun, (2) determining what conditions 
are desired after the program is com- 
pleted and (3) comparing conditions 
before with conditions after training 
program is completed. 


Cathodic Protection Training Program 


The first step taken at Oklahoma 
Natural Gas in planning its training 
program was a meeting otf operating 


superintendents and key supervisors to 
determine the training needs of the com- 
pany. Among the subjects selected for 
the program were corrosion in general 
and cathodic protection. 


Ouiz Given 


To pinpoint specific training needs 
and to verify the need for a training 
course, a quiz on cathodic protection 
and general corrosion was developed by 
the company’s general director of ca- 
thodic protection and five district ca- 
thodic protection inspectors and the 
training coordinator. The quiz (see 
Figure 1) contained 51 questions includ- 
ing multiple choice, true-false and essay 
type questions based on job require- 
ments of construction foremen, line 
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maintenance foremen and servicemen. 

When the quiz was given, its purpose 
was explained: to pinpoint those areas 
of corrosion control and cathodic pro- 
tection in which personnel needed a 
better understanding so that course ma- 
terial could be developed for the train- 
ing program. It was explained that no 
grade would be reported on the quiz, 
but each question would be individually 
checked and analyzed. Personnel taking 
the test were asked not to guess at 
questions to which they did not know 
the answer. 

Results of Quiz 

Analysis of the test showed 20 percent 
incorrect answers on the multiple choice, 
22 percent on the true-false and 45 per- 
cent on the essay questions. Highest 
percentage of incorrect answers on the 
essay questions established the fact that 
there was considerable lack of under- 
standing why cathodic protection ma- 
terials were installed in a _ prescribed 
way. This established a need to improve 
the foreman’s ability to instruct his per- 
sonnel. 

Based on 400 people who took the 
test, there was an average of 25 percent 
of the questions missed. 

Further analysis of the tests showed 
the need for clarification of instruction 
in bonding wires to pipe, installing in- 
sulation in domestic and commercial 
meters, making proper field reports, 
handling coated and wrapped pipe and 
fittings, installing mechanical couplings, 
installing anodes at pipe maintenance 
location and fixing responsibility for 
proper installation of cathodic protection 
materials. 


Preparing the Training Program 

After the tests were analyzed, a meet- 
ing was held with the general office 
management personnel and each district 
operating superintendent and key super- 
visors to discuss plans for developing 


*& Revision of a paper titled “How to Improve 
Your Corrosion Prevention Through Train- 
ing,” presented at a meeting of the Central 
Oklahoma Section, National Association of 
Corrosion Engineers, December 12, 1960. 
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the course material, selection of instruc- 
tors, length of time required to complete 
the course, location of individual ses- 
sions and evaluation procedures. 


The company’s general cathodic pro- 
tection director and the district cathodic 
protection inspectors were used as in- 
structors. Their selection was based on 
familiarity of the subject matter, previ- 
ous experience as instructors and their 
experience in dealing with people, pro- 
cedures and training problems. These 
instructors met with the company’s 
training coordinator to review the in- 
structor’s outline of the course, improve 
instruction techniques, develop visual 
aids and establish the area which each 
instructor would cover. After each in- 
structor gave a 30-minute presentation 
of the area assigned to him, a critique 
was held to point out good points and 
to give suggestions where improvements 
could be made to stimulate more interest 
and participation. Tape recordings of 
these presentations also helped the in- 
structors improve their teaching. 

Preparation guides were given to the 
operating superintendents to help them 
stimulate interest among personnel in 
the various departments. The guide 
presented information and data on the 
cost of installing and maintaining ca- 
thodic protection on the company’s 
underground structures. Costs were 
given and explained on the waste and 
inefficiency resulting from improper 
handling, coating and installation of 
cathodic protection materials. This 
wasted money was related in terms of 
how it affected both the company and 
the employees. 

The information in the guide was 
used by the operating superintendents 
in writing a memorandum to the per- 
sonnel selected. They were encouraged 
to attend the course with an open mind 
and a desire to learn and to think con- 
tinuously of how they were going to 
apply their classroom learning experi- 
ence to application on the job. This 
memorandum, the quiz and the course 
outline were forwarded to each per- 
son about a week or ten days before 


the scheduled date of the course. 

It has been found that, by giving the 
people ‘their quizzes a week or ten days 
before the course, they became familiar 
with the specific areas missed on the 
tests. This also stimulated their need 
for the course; thus they were especially 
alert to the instructor’s remarks in 
those areas in which the individuals 
needed a better understanding. 

The course outline provided the par- 
ticipants sufficient time to think through 
the subject matter before attending the 
course. Thus, they were able to help 
make the course more interesting and 





educational through their participation 
and eliminated questions and discussion 
on topics out of chronological order. 


Training Aids Used 


Training aids used in the course in- 
cluded 35mm slides, flip charts, white 
pads and a soil box demonstration. The 
slides covered such topics as machine 
and hand coating process, meter in- 
stalled in a bind, foreign lines layed in 
contact with company lines, improper 
handling of coated materials such as 
pipe, valves and fittings and procedure 
for anode installation. 

Flip charts were used to show the 
fundamental theory of cathodic protec- 
tion and the mechanism of corrosion on 
underground structures. Instructors 
agreed that the white pad can be used 
advantageously to focus attention on 
the topic being discussed, to provide a 
permanent record that can be used in 
reviewing the course and to encourage 
participation by listing the answers from 
the participants. 

The soil box demonstration was made 
with transparent meter and overhead 
projector, similar to demonstrations 
given at several NACE meetings and 
short courses throughout the country. 

Good training aids are not a substitute 
for an instructor, but should be used to 
improve the presentation. 

A glossary of technical terms used in 
the training course was given to par- 
ticipants for a better understanding of 
the subject matter. 


Pilot Session Held 


Before the course was given in the 
company’s five districts, a pilot session 
was held to determine if the course 
needed changes to make it more effec- 
tive and to determine the number of 
hours required to complete the course. 
This pilot session also gave the instruc- 
tors another opportunity to evaluate and 
improve their instruction techniques. A 
minimum of eight hours was decided 
as the time required to cover the course 
material. 
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Evaluation of the Training Course 


Immediately after the last session in 
the course, the quiz given before the 
program was given again so that an 
immediate evaluation could be made of 
what the participants learned by com- 
paring their scores on the two tests. 
Also, the second test gave an indication 
of areas where aditional training may 
be needed. 

Comparison of the pre-instruction and 
post-instruction tests showed a 90 per- 
cent increase in the number of correct 
answers on the post-instruction test. 






After the quiz, each participant was 
given a comment sheet to be submitted 
to the training coordinator within three 
or four days. This sheet was designed 
to measure the participant’s reaction to 
the course and to provide a basis for 
improving the course. 


Follow-Up on the Course 


All too often, a training program can 
be considered a success, but the learning 
acquired in the program is not used on 
the job by personnel. An informal dis- 
cussion between the supervisor and his 
personnel is recommended to provide an 
incentive for the participants in a train- 
ing course to use their learning experi- 
ence on the job. 

About four months after the training 
course is completed, each supervisor and 
district cathodic protection inspector 
makes an evaluation of the training pro- 
gram in terms of improvement in han- 
dling, coating and installing of cathodic 
protection materials. 

One result of the analysis of the 
quizzes and comments from construc- 
tion foremen, serviceline foremen and 
servicemen is preparation of a new fore- 
man’s manual. Purpose of the new man- 
ual is to clarify existing policies and 
procedures and to standardize others. 
The manual also will be used in training 
personnel. 
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2. All Style 38 Dresser couplings 
should be bonded. 

3. The crew that installs pipe 
should also install the anodes. 


essential that they should be in al- 
most perfect alignment. 

5. It is not necessary to coat non- 
insulating mechanical couplings. 

6. All insulating mechanical cou- 
plings should be coated. 

7. According to company policy. 
a construction job is not considered 
complete until cathodic protection 
is established. 

8. When cutting a line that has a 
rectifier, all that is necessary for 
safety is to turn the rectifier off. 

9. It is impossible to cathodically 
protect a pipe inside a “shorted” 
casing. 

10. Meter insulation should be 
placed on the inlet side of meter 
settings. 

11.8 pipeline is considered 
“shorted out” when the coating has 
been damaged. 

12. When company lines are laid 
on a foreign line (such as water 
service) or when a foreign line is 
laid on a company line, the pipe 
coating is not sufficient to prevent 
the eventual electrical contact. 


Essay Type Questions 


1. If bare and coated pipe is cou- 
pled with an insulating coupling, 
on which should the boot be in- 
stalled? Why? . 

2. What type of soil is best suited 
for anode installations? Why? 

3. Why do most leaks appear on 
the bottom half of the pipe? 

4. What size anode should ordi- 
narily be installed at a pit hole 
leak repair? On a main? On serv- 
ice renewal? 

5. Why is it necessary to insulate 
bare pipe from coated pipe? 

6.What safety measure should 
be observed to prevent arcing 
when cutting a pipeline? 

7.How many casing insulators 
should be used in a 60-foot casing? 

%. What size casing should be 
used with the following: 14-inch 
carrier pipe, 2-inch carrier pipe, 4- 
inch carrier pipe, and 8-inch car- 
rier pipe? 

$.What single item is most im- 
portant to a good coating job? 

10. What information is required 
to properly fill out the “Cathodic 
Protection Copy” of a job order? 


11. What testing procedure should 
be followed after ng a Style 
99 insulated Dresser coupling? 

12. What steps should be taken 
ome lowering in-yard coated 
= = which a cold bend has 

en made? 

13. Describe the procedure neces- 
sary to get a good coating job 
using cold applied tape and primer. 

14, When installing insulating 
meter swivels, is it necessary to 
use a rubber gasket? Why? 

15. When changing meters, should 
you change out the old style insu- 


. lating meter swivels? Why? 


16. What record should you make 
of anodes installed on services? 


17.Why should insulating con- 
nections be painted black? 

18. Please list specific things 
about cathodic protection for which 
you would like to have additonal 
information. 


Multiple Choice Questions 


1. Corrosion is most likely to be 
found in (a) sandy soil, (b) loam 
soil, (c) clay soil. 

2.8 galvanic corrosion cell is 
caused by (a) insulating flanges, 
(b) coupling of unlike metals, (c) 
holidays in coating. 

$. Wires should be installed on 
pipes by (a) brazing, (b) thermite 
welding process, (c) band clamps. 

4. Damage to pipe resulting from 
wrench marks, shovel marks, etc., 
causes corrosion due to (a) soil 
changes, (b) stress points on pipe 
surface, (c) increased exygen con- 
tent. 

5.In the event that an insulating 
coupling should be “shorted” on a 
new installation due to improper 
installation, who should re-install 
it? (a) cathodic protection inspec- 
tor, (b) district engineer, (c) origi- 
nal installer. 

6. Meters which are installed in a 
bind may destroy the effect of ca- 
thodic protection because (a) 
thread leaks may develop at the 
return bends, (b) meter insulation 
may be damaged, causing it to 
short out, (c) unnecessary strain is 
placed on the meter casting. 

7. Voltages that could cause elec- 
trical shock to a person at insulat- 
ing meter settings originate at (a) 
anode installation. (b) rectifiers, 
(c) alternating current systems. 


8. The purpose of an insulating 
coupling is to (a) insure electrical 
continuity. (b) isolate one section 
of pipe from another, (c) create an 
expansion joint in the line. 

9.The pipeline easiest to protect 
with cathodic protection is (a) a 
well-coated and insulated line, (b) 
a bare line, (c) a well coated line 
not insulated. 


12. All underground gate valves 
should be insulated in order to (a) 
eliminate use of anodes, (b) keep 
them from freezing in winter, (c) 
electrically isolate sections of pipe. 


13. When a test wire is needed 
for testing pipe-to-soil voltage po- 
tential, it should be placed (a) as 
near to anode connections as pos- 
sible, (b) at opposite end of line 
from anode connection, (c) near a 
ar riser which is connected to 

ne. 


14. When an insulating coupling 
is installed, the pipe ends beirig 
joined should (a) both be threaded 
to give it strength, (b) be threaded 
on end where piastic sleeve is in- 
stalled to hold sleeve, (c) be plain 
on both ends. 


15. The proper way to check an 
insulating meter swivel for electri- 
cal continuity with a test light is 
(a) touch two contact probes to 
meter risers and see if light shines, 
(b) use above procedure plus com- 
pass on top of meter, (c) place 
compass under the meter. 


16.When an anode is installed 
on new coated, wrapped and insu- 
lated pipe, water is used to (a) 
make the anode easier to slide in 
augered hole, (b) saturate the mag- 
nesium to give it longer life, (c) 
wet the backfill to get instant ac- 
tion from anode. 


17.The proper way to install a 
magnesium anode in the soil is to 
(a) lay the anode down in bottom 
of bell hole, (b) auger a hole ap- 
proximately the same size as an- 
ode, (c) stand the anode against 
the side of the bell hole. 


18.The best place to install an 
anode on a pipe renewal is (a) at 
the leaking area, (b) in the bell 
hole at the tie-in, (c) in the middle 
of the pipe installed. 


19.In distribution, all anode 
measurements should be from: (a) 
a residence property line, (b) the 
street curb line, (c) the center line 
of the city street. 


20. When installing an insulating 
joint above ground, you should (a) 
paint it black, (b) coat it with alu- 
minum paint, (c) never paint it. 

21.When a 14-inch insulating 
coupling is installed, the pipe gap 
should be about (a) ¥-inch, (b) 
one inch, (c) 4 inches. 


FIGURE 1—Cathodic protection test used to plan and to evaluate a company’s training program. 
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NEW FRAME-MOUNTED MODELS 
EXPAND “KARBATE” PUMP LINE! 


National Carbon’s addition of “Karbate” frame- 
mounted Type F pumps to its line provides today’s 
widest selection of impervious graphite centrifugal 
pumps! 

Designed and built by the world’s leading producer 
of non-metallic centrifugal pumps, the new Type F 
has 1, 112, and 2-inch discharge openings, and fea- 
tures the same wet end parts and mechanical seal 
used on proved motor-mounted models. 

With capacities to 140 gpm and heads to 67 feet, 
the new frame-mounted Type F brings to 32 the num- 


“Karbate’’ and ‘Union Carbide” 
are registered trade marks 
for products of 


ber of standard sizes of ““Karbate” impervious graph- 
ite pumps . . . offering discharge openings ranging 
from | to 4 inches, capacities from 5 to 1500 gpm, 
and heads from 15 to 120 feet. 

You can depend on the unsurpassed corrosion re- 
sistance of “Karbate” impervious graphite centrif- 
ugal pumps for all corrosive pumping service. For 
details on models and sizes, write: National Carbon 
Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. Jn Canada: 
Union Carbide Canada Limited, Toronto. 


NATIONAL CARBON COMPANY Ferner 
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Figure 1—Oxidation of nitrided Nitralloy in 
steam temperature dependent function. 
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Figure 2—Oxidation of nitrided Nitralloy in 
steam at 1000 F time dependent function. 
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Figure 3—Shadow graph of a turbine blade 
from one of last two or three rows of blades 
at exhaust end of a large condensing turbine. 


Corrosion Problems 


of 


Central Power Station 


Turbines and Condensers* 










A. Bayard Sisson 


Commonwealth Edison Company 


Abstract 


Experience with Commonwealth Edison 
generating plants in the Chicago area are 
discussed. Dangerous seizing of turbine 
control and stop valves at temperatures 
over 900 F was solved in part when a 
research program disclosed nitrided sur- 
faces were corroding to cause the fail- 
ures. Research on the problem continues. 
Turbine blade failure, originally attrib- 
uted to corrosion fatigue, was discovered 
to be the result of inadequate fatigue 
limit of the blade material and not so- 
dium hydroxide carry-over. 

Influence of noncondensable gases 
which cannot be completely removed 
from boiler water is discussed. Wastage 
of turbine blades was attributed to cor- 
rosion-erosion where steam and _ water 
both are present. Gases responsible for 
the accelerated attack were oxygen, car- 
bon dioxide and sulfur dioxide at low 
pH values. 

Method of using morpholine to con- 
trol alkalinity is discussed. Experience 


Introduction 
HE TRUE DEFINITION of cor- 


rosion probably is not broad enough 
to encompass all conditions described 
in this discussion. However, most of the 
problems encountered do have their ori- 
gin in a true corrosion phenomenon and 
therefore relate directly to corrosion en- 
gineering. 

Condensers are physically connected 
and what is much more important, are 
continuously confining the same media, 
steam and steam-water mixtures. 

Among the metals involved in the 
turbine-condenser structures are cast 
irons, carbon steel and stainless steels; 
hard, wear-resisting alloys, copper alloys 
and aluminum. Turbines concerned vary 
in size from 5000 KW to 325,000 KW 
and the steam conditions vary from 300 
psi at 600 F to 2000 psi at 1050 F. 
Condenser sizes vary accordingly and 
are all on fresh water sources. The dis- 
cussion is confined to the shell side of 
exchangers because this side has the 
same environment as the turbine. 

Chemical treatment or the lack of it 
has much to do with conditions govern- 
ing corrosiveness of steam and steam 
water mixtures in the steam turbine and 
its associated condenser. The Common- 
wealth Edison Company has used a type 
of chemical treatment which has given 


* Revision of a paper titled “Corrosion of Steam 
Turbines and Condensers in Central Station 
Power Plants,”’ presented at a meeting of the 
North Central Region, National Association 
of Corrosion Engineers, Milwaukee, Wis., 
October 19-20, 1960. 
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Chicago, Illinois 


with re, baal brass exchanger tubes is 
uc 


reviewed, including descriptions of diffi- 
culty in “air removal’ sections where 
noncondensable gases were found to be 
troublemakers. Ammonia and sulfur diox- 
ide tend to concentrate in the cooled 
water in these zones sometimes to con- 
centrations as high as several hundred 
parts per million at tube surfaces. Re- 
sulting pH values caused high removal of 
copper. Solution of this problem is elu- 
sive, although removal of some of the 
tubes in the affected region is being 
tried. Another solution is replacement of 
admiralty tubes in this section with Type 
304 or 316 stainless steel. Alarming losses 
from tube metal by erosion are reported. 

Aluminum tubes, installed in one con- 
denser, had to be removed in _ three 
years. In another test 6061 aluminum 
tubes lasted 5500 hours while 3003 lasted 
only 3500. In comparison with brass 
tubes, whose service life is expected to 
be about 30 years, the aluminum did not 
give adequate performance. 8.2.2 






excellent protection of the entire system, 
ie., condensate, feedwater, boiler, tur- 
bine, condenser and feedwater heaters. 
Quantities of chemicals maintained in 
the different portions of the cycle vary 
somewhat as pressures and tempera- 
tures change but the base treatment re- 
mains the same. Boiler water is treated 
to maintain moderate residuals of phos- 
phate and sodium sulfate, minor hydrate 
alkalinity and a smaller excess of sodium 
sulfite, the whole producing a pH of 
from 10.5 to 11.0. Sodium sulfite is fed 
continuously in proportion to the quan- 
tity of feedwater and to the dissolved 
oxygen content of this water. The other 
materials may or may not be so fed. An 
amine, morpholine, also is continuously 
fed to maintain an excess in the steam 
and feedwater portion of the cycle, this 
excess being sufficient to give a pH of 
8.8 to 9.2. 

Make-up water is, in most cases, sup- 
plied by demineralizers and is a very 
high quality water containing only frac- 
tions of parts per million of dissolved 
solids. Evaporators still are used in a 
few of the older stations where steam 
pressures and temperatures are in the 
low or intermediate range. 


Problem of Seizing Control Valves 

A serious condition which has plagued 
operation of turbines involves turbine 
control and turbine stop valves, which 
after varying periods of service become 
immobile and will not function as de- 
signed. Under some circumstances a dis- 
astrous turbine runaway could occur. 

(Continued on Page 20) 
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METAL REFINING: New Role For Penton 


Solid Penton pipe and fittings prove easy 
to install and maintain, and low in cost 


The Wah Chang Corporation has found an impor- 
tant new use for Penton at its Albany, Oregon, 
plant where columbite and tantalite ores are re- 
fined to obtain columbium and tantalum. 

More than 100 feet of 114 inch Schedule 80 pipe, 
threaded tees, 90° elbows, unions, and nipples—all 
made of solid Penton—are serving in transfer lines 
in the Wah Chang process, where columbium and 
tantalum are separated by liquid-liquid extraction 
and the oxide products are reduced to metal by 
carbon reduction. 

In selecting the process equipment, Kenneth W. 
Bird, Process Engineer, says: ““The extreme ease of 
installation and comparative cost of Penton pipe 
and fittings versus other materials which could 
handle this rough piping job, make Penton by far 
the most advantageous material we could employ. 
Our product must be of the highest purity, and 
Penton exhibits the greatest degree of inertness to 
the materials being handled of any competitive 
product on the market.” 

Write for complete facts about Penton and a list 
of fabricators and suppliers of Penton processing 
tem, : a ‘o1 | § equipment. 

eur A ‘ : | a! ‘ ; Pipe and fittings used at Wah Chang were supplied by Tube Turns Plastics, 
gi : ; ae | Inc., Louisville, Ky., through its West Coast distributors, Esco Corporation. 
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At left: Discharge side of diaphragm pump in which hot 
(210°F.) 15% HF solution and KeTaF7 (Potassium fluo tan- 
‘ talate) is transferred to crystallization tanks through Penton 
~4 system of 114” Schedule 80 pipe and threaded fittings. Above: 
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*Penton is the Hercules Powder Company registered trademark for chlorinated polyether. 
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Valve stems and associated guide bush- 
ings grow in size until there is no 
clearance between them, so they no 
longer operate. This condition became 
noticeable as operating temperatures in- 
creased. At 900 F it was only a minor 
nuisance, at 950 F it became an annoy- 
ance and at 1000 F and 1050 F it de- 
veloped into a serious condition. 


Turbine manufacturers “consoled” the 
operators with the explanation that the 
condition resulted from soluble or in- 
soluble iron oxide carryover with high 
temperature steam with resulting dep- 
osition on valve stems and bushings. 
The conclusion was that there was no 
real cure and that periodical mainte- 
nance was required to re-establish the 
required clearances between the various 
components. 


Research Program Seeks Solution 


This author, after observing many 
valves and bushings, decided that these 
conclusions were assailable and directed 
his ideas to a research program to de- 
termine the cause of growth on parts 
involved. Results of this program were 
presented by Professor F. G. Straub,’ 
who carried out the investigation as di- 
rected by the author’s company under 
its Utilities Research Commission. 


Because valve stems and bushings had 
to have extremely hard, wear-resisting 
and non-galling surfaces to function 
properly for many years, a_nitrided 
finish produced on the base materials 
a surface that had the desired proper- 
ties. However, as was discovered during 
the research and only scantily men- 
tioned in the very limited literature con- 
cerning nitrided surfaces, and as the- 
orized by the author, such surfaces were 
far from corrosion resistant. High tem- 
perature steam caused nitrided surfaces 
to oxidize and this resulting in growth 
of the parts and subsequent seizure. 


Tests Show Serious Consequences 


Figures 1 and 2 give some data de- 
veloped early in the research program 


and show why this oxidation was of 
such serious consequence. Of many 
tests run some showed effects of nitrid- 
ing on alloys other than Nitralloy,* 
while others determined which alloys 
might be acceptable from an oxidation 
standpoint, and still others proved that 
the reaction was a steam-iron oxidation 
phenomena. Others involved spray 
welded carbide coatings and _ plated 
oversurfaces. In all, several hundred 
tests were made at temperatures rang- 
ing from 900 to 1200 F on some fifteen 
different alloys with five surface treat- 
ments. Data proved the cause to turbine 
manufacturers and offered some reme- 
dies. The problem was not, and still is 
not, a simple one. Various turbine man- 
ufacturers have test programs under 
way which may in the next few years 
produce a solution. 


Turbine Blade Failures 


Another problem some years past was 
the failure of a certain alloy turbine 


* Nitralloy Type G, the Nitralloy Corporation: 
carbon, 0.3 to 0.4%; chromium, 0.9 to 1.5%; 
nickel, 0.5% maximum; molybdenum, 0.16 to 
0.25% ; phosphorous, 0.045% maximum, sulfur, 
0.040% maximum; silicon, 0.2 to 0.4%; man- 
ganese, 0.4 to 0.7% and aluminum, 0.85% 
maximum. 


Figure 5—Erosion-corrosion on diaphragm of turbine. 


blades which became so pronounced and 
so expensive that considerable effort 
was expended to reach a solution. The 
producer of this alloy believed the fail- 
ures were caused by corrosion-fatigue, 
the corrosion being caused by carry-over 
of sodium hydroxide from the boiler 
water and deposition from steam onto 
the turbine blades and that the concen- 
trated sodium hydroxide solution there 
deposited caused intergrarular corrosion 
of the turbine blades. 

Commonwealth Edison Company’s 
extensive test work showed that (1) 
sodium hydroxide carryover did not 
occur and (2) that sodium hydroxide, 
under existent conditions, would not re- 
duce the fatigue strength of the alloy. 
The material (probably because it did 
not dampen oscillations rapidly enough) 
had a fatigue limit too low for the 
service and failures were occuring on a 
service basis. Substitution of another 
alloy cured the failures. 

Apparently all problems are not due 
to corrosion even though initial evidence 
may point that way. It often seems as 


difficult to prove some contentions as 
it is to disprove others, or vice versa. 


Boiler Environment Is Complex 


The environment in the turbine and 
the condenser consists of more than 
steam, or steam-water mixtures but also 
includes some so-called noncondensable 
gases. Of these neither oxygen nor 
nitrogen are ever entirely absent. Car- 
bon dioxide also may be present, de- 
pending upon the method of producing 
make-up water or upon infiltration of 
raw water. Sulfur dioxide is present in 
minute quantities as a result of decom- 
position of a portion of the sodium 
sulfite; hydrogen sulfide also may be 
present in minute amounts. Morpholine 
is present by choice and ammonia also 
is present, either as the result of de- 
composition of morpholine, from evapo- 
rated make-up or from raw water leak- 
age. Hydrogen is present also, in the 
part per billion range, as a result of 
steam, morpholine and ammonia decom- 
position but primarily as the result of 

(Continued on Page 22) 
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One Crucial paint ingredient doesn’t come 
in the can: for each specification satisfied 
by formula, 2 or 3 new variables always 
crop up as a function of conditions unique 
to each job. That’s why Napko’s top men 
in industrial coatings spend as much time 
at job sites as they do selling. From lab 
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model to repaint, there’s no substitute 
for responsible follow-through. And that’s 
what you get from Napko: superior coat- 
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sible follow-through by experienced sales 
technicians, the crucial ingredient you 
don’t find in the can. 
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the very small and continuing corrosion 
of boiler metal. 

Methane occasionally has been found, 
probably as a result of organic material 
decomposition which may have entered 
with make-up water or as thermal de- 
composition of morpholine. Of the above 
gases, only nitrogen, hydrogen and 
methane do not seem to play any part 
in affecting the corrosion of turbine and 
condenser components. 

Steam-water mixtures, encountered 
first in the low temperature end of the 
turbine, travel at high velocities and are 
wear-causing. While there is not much 
doubt that this mixture is erosive in the 
absence of corrosion, there is no doubt 
that it is much more aggressive in re- 
moving corrosion products than it is in 
removing virgin metal. 


Corrosion-Erosion in Turbines 


Figure 3 is a shadow graph of a tur- 
bine blade from one of the last two or 
three rows of blades at the exhaust end 
of a large condensing turbine. The 
roughened portion represents metal loss 
caused by mechanical erosion of area 
where Stellite facing is used because of 
its wear-resistant properties. Figures 4 
and 5 show the corrosion-erosion that 
occurred in the casing of a turbine ad- 
jacent to roots of the stationary blading. 
This condition was limited to the area 
where steam and water both were pres- 
ent and is many times more pronounced 
than similar destruction in turbines 
when corrosion is kept at a minimum 
by proper pH control. Corrosive gases 
which produced the accelerated attack 
were oxygen, carbon dioxide and sulfur 
dioxide and pH values were as low as 
4 at times. 

Metal removed from these areas was 
‘recovered” on turbine blades farther 
along in the turbine, on condenser tubes 
and in the boilers. Repairs damage such 
as this are expensive and time consum- 
ing and the “recovered” metal is detri- 
mental to operation. Iron loss at such 
low pH values is many times as great 
as that encountered when pH is con- 
trolled at about 9. 


pH Adjusting Alkaline Natural 

A pH adjusting alkaline material 
seems to be a necessity if corrosion ‘is to 
be controlled in areas where steam-water 
mixtures occur as well as in condensate 
and boiler feedwater. Morpholine was 
selected for this purpose because (1) it 
is stable thermally, decomposition being 
very low at temperatures below 1100 F, 
(2) it is more soluble in the water 
phase of a steam-water mixture at satu- 
ration conditions than in the steam 
phase by a ratio of approximately 2.5 to 
1 and (3) because of its water phase 
solubility, it is more effective than am- 
monia or other amines which might be 
used. When proper pH values are main- 
tained, iron and copper corrosion prod- 
ucts are readily kept below 10 to 20 
parts per billion in the water returned 
to the boiler. 


‘ 


Some Problems With Condensers 

Condenser tubes in various Consoli- 
dated Edison stations normally are 
arsenical or phosphorized admiralty 
metal. The tubes are rolled into Muntz 
metal tube sheets and the whole en- 
closed in cast iron or steel condenser 
shells. One condenser was tubed with 
aluminum tubes rolled into steel tube 
sheets. 


A condenser on a recently installed 
unit contains over 200 tons of admiralty 
brass tubing and consists of almost 170 
miles of tubes having a surface area of 
almost 217,800 square feet. 

Mild corrosion of this large volume of 
metal in itself would be serious enough, 
but addition of the dissolved metal to 
the water in a high pressure boiler 
would cause more serious difficulties. To 
prevent this from happening, pH values 
are raised to about 9. 


Effect of Gas Concentrations 

If the steam-water mixtures in con- 
densers always remained at saturation 
temperatures, no other remedy would be 
required. However, in some condenser 
sections the water is cooled below the 
corresponding saturation temperature, 
and this condition is most prevalent in 
the “air removal’ sections through 
which the noncondensable gases flow as 
they are pumped out of the condenser. 
This sub-cooling, normally referred to 
as refrigeration, is quite small in some 
condensers while in others it is large 
enough so that several noncondensable 
gases may go into solution in large 
enough amounts to be troublesome. 

Ammonia and_ sulfur dioxide both 
tend to concentrate in the cooled water 
and can cause corrosion, the sulfur di- 
oxide by making the solution acidic and 
ammonia by causing it to be alkaline. 
Sulfur dioxide concentrations normally 
are considerably lower than are am- 
monia and, because they are almost 
always both present, ammonia is the 
governing component. Oxygen which is 
always present adds to the corrosion. 

In one case, when ammonia concen- 
tration in steam entering the turbine 
was 0.15 to 0.25 ppm, the concentration 
in water removed from the surface of 
the tubes in the air removal section was 
several hundred parts per million, and 
its pH was 10.5. Copper solubility was 
very high and tube failures were ex- 
perienced. Figure 6 shows the pH con- 
centration effect of ammonia and the 
solubility of copper as a pH-dependent 
function. It is to be noted that ammonia 
concentrations were never high enough 
to cause the stress-corrosion effect, 
which results in tube failure by cracking. 


PPM COPPER PPM 


AMMONIA 


10.0 10.5 


8.0 8.5 9.0 95 

pH 
Figure 6—Copper solubility in presence of 
oxygen, shown in top graph. Effect of ammonia 


concentration on pH of pure water, shown in 
bottom graph. 


Solution Still Is Elusive 
A solution to this concentration of 
ammonia has not been found. The con- 
denser manufacturer has recommended 
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removal of a portion of the tubes in 
this air removal section, thus reducing 
the sub-cooling effect and tending to re- 
duce ammonia content of the condensed 
steam. Although this recommendation 
was followed there are insufficient data 
so far to determine how much improve- 
ment has resulted. 


pH Adjusting Addition Required 

Some sort of pH adjusting material 
seems to be required and in the author- 
ity’s opinion will be necessary for many 
more years. So, it seems logical to use a 
metal other than a copper alloy in the 
air removal sections of future condensers. 
Because Types 304 or 316 stainless steels 
are resistant to the pH effect described 
they are being specified as replacements 
in air removal sections of existing con- 
densers and will be specified in the fu- 
ture for this service. 

There also is some loss of tube metal 
by erosion, because the high velocity 
steam-water mixtures act in a manner 
similar to that described for turbine 
blades. Until quite recently this has not 
been of much consequence, but now is 
causing some alarming losses. 


Tests Made of Aluminum Tubes 


Several years ago it was considered 
economical to use aluminum tubes in 
the condenser of a 325 MW turbine- 
generator. Corrosion tests on aluminum 
alloys indicated they would stand up 
satisfactorily and some _ installations 
were in service in other utilities. One 
unanswered question was whether or 
not they would perform adequately, as 
far as abrasion- or wear-resistance was 
concerned, when subjected to the im- 
pact of steam-water mixtures. The alu- 
minum tube manufacturer indicated that 
the aluminum materials should be satis- 
factory. Tests on which this opinion 
was based did not simulate the contem- 
plated service but rather were strictly 
for mechanical wear or abrasion resist- 
ance. The tests also indicated no ap- 
preciable difference in this property be- 
tween a 6061 and a 3003 alloy even 
though the latter was softer and had a 
lower yield strength. Because of this 
and because the 6061 alloy was more 
expensive the 3003 alloy was selected 
for tubes one gauge thicker than was 
suggested for the 6061 alloy. 

Tube losses due to impingement at- 
tack by the high velocity steam-water 
mixtures was so severe that this instal- 
lation was abandoned in less than three 
years of operation at great expense. 
Another trial installation of some 60 
aluminum tubes in another condenser 
on a different cooling water source was 
made primarily to determine the effect 
of this cooling water on the 3003 and 
6061 aluminum alloys. Tubes were lost 
due to steam-water impingement, but 
this time comparisons of the resistance 
of not only the two aluminum alloys but 
also that of the admiralty brass tubes 
in this condenser were made. 

The softer 3003 alloy had an average 
life of some 3500 hours in this environ- 
ment while the 6061 aluminum alloy 
lasted 5500 hours. This showed that in 
this service the 6061 alloy would be 
serviceable 1.6 times as long as the 
3003 material. 

But the comparison between the alu- 
minum tubes and the admiralty brass 
tubes is astounding. The brass tubes 
removed to make room for the alumi- 
num tubes already had been in service 
eight years and were in almost perfect 
condition. Tubes in adjacent areas still 

(Continued on Page 24) 
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PROOF OF CORROSION CONTROL 


0 ® 
with ANTI-CORROSION 
Ui TREATMENT 


T took only 30 days for the two steel coupons shown at right 
above to corrode almost away in the stream of a secondary- 
recovery well in Kansas. Both coupons, where not corroded 
through, are wafer thin. An anti-corrosion chemical was being 
fed at the rate of one pint per day, yet the average corrosion rate 
on the coupons was 216 mils * per year. 


In the same well, Visco-treated with the same amount of chemical 
per day, the coupons at left above showed a corrosion rate of 
only 8.1 mils per year after 29 days’ exposure. 

Visco Chemicals cut the corrosion rate over 96% ! 
For corrosion control results and treating economy, call your Visco 
Representative, now. 


* 1 mil=.001 inch. A corrosion rate of 216 mils per year means 
that the corrosive attack, if uniform, would have corroded 
away the entire surface of the metal to a depth of .216 inches 
in a year. However, the real danger of high corrosion rates, 
as the coupon shows, is the much deeper and faster penetra- 
tion occurring at localized areas. 


VISCO PRODUCTS COMPANY 
A Subsidiary of Nalco Chemical Company 
P.O. Box 35336 @ Houston 35, Texas 
a CApital 5-3515 
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are in excellent condition and there is 
no reason to believe they will not last 
for over 30 years. The conclusion is 
therefore, under these conditions resist- 
ance to steam-water impingement of ad- 
miralty brass tubes is at least 30 times 
as good as that of the aluminum tubes, 
and there is ample reason to believe the 
ratio is probably 100 to one. 

It is postulated that the steam-water 
impingement attack of the aluminum 
tubes is a combination of corrosion and 
erosion in which the thin oxide formed 
on the aluminum is readily abraded 
away. 

This reiterates the need for a true 
environmental comparison before proper 
selection can be made. In this case even 
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a proper screening between alloys was 
not possible until an environmental test 
was made. 

Observations have been made on over 
60 turbines and their associated con- 
densers during the past 25 years. Many 
corrosion problems have been solved 
by proper practices, others are capable 
of solution while still others are con- 
sidered to be normal and are tolerated. 
Routine maintenance restores the dam- 
aged parts. 

In spite of the many possible effects 
on steam turbines and condensers, they 
have been relatively trouble free and 
probably are the most dependable com- 
ponents in central power station use. 
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Technical Topics 
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The following three articles will be included 
among the Technical Topics for August. 
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Upgrade your present maintenance 
protection—reduce your yearly 
maintenance costs. Write for new 
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discuss the advantages of Carboline 
CS-1161 with your Carboline Sales 
Engineer. Evaluate this system now! 
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In this 3-coat system, each coat has 
special properties, each is designed 
to do a specific job. Proven in serv- 
ice, they team together to produce 
2-3 times longer-lasting protection 
than vinyls with conventional 
primers. 


Coat No. 1 
CARBO ZINC 11 


An inorganic zinc performing a 
double function—a primer and a 
tough protective coat in itself. Pro- 
tects galvanically, bonds tightly -to 
steel, eliminates undercutting. Can 
be applied in almost any kind of 
weather. Water-insoluble in 20 min- 
utes, ready for intermediate coat in 
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EW USES for Teflon* tetrafluoro- 


ethylene-flurocarbon resins include 


piston rings, rod packings and overbraided 
hose for applications in the chemical and 
allied industries. These resins, to be called 
TFE-fluorocarbon in this article, are rec- 
ognized as being among the most chemi- 
cally resistant of the plastic materials and 
among the most heat resistant of the 
thermoplastics. 

These resins have been used as gaskets, 
packing, seals, bearings and electrical in- 
sulation, Their performance on steel pipe 
for high temperature service has been dis- 
cussed in a Technical Topic published on 
Page 9 of the November, 1960, Corrosion. 

The principal reason for using these 
TFE-fluorocarbon resins is not always to 
prevent corrosion. Sometimes, these resins 
are selected for lubricity, low friction, re- 
sistance to erosion and wear, resistance to 
heat, resistance to sticking, and their non- 
conducting, non-contaminating and non- 
catalytic properties. 


Piston Rings and Rod Packings 
Teflon TFE-fluorocarbon resins have 
been used in the fabrication of piston 
rings (see Figure 1) and rod packings 
for reciprocating pumps and compres- 
sors because of the resins’ lubricity, 
resiliency and ability to withstand high 


*® Extracted from a_ paper titled ‘‘Lined Pipe 
and Other New Forms and Uses for Teflon 
Fluorocarbon Resins in Chemical Industries” 
presented at the 15th Annual Conference, Na- 
tional Association of Corrosion Engineers, 
March 16-20, 1959, Chicago, III. 

* Registered trademark for E. I. du Pont de 
Nemours & Co., Inc., Wimington, Del. 


Fluorocarbon Resin 
iston Rings and Overbraided Hose 
Give Good Service’ 


L. A. Ferris 


E. |. du Pont de Nemours & Company 
Wilmington, Delaware 


Figure 1—Small piston ring of reinforced TFE- 
fluorocarbon resin. Stepjoint and metallic ex- 
pander spring are shown. Rings of this material 
have been made in sizes to 29 inches in diameter. 


temperatures. Their resistance to chemi- 
cals is less important in these specific 
applications. 

3ecause of their ability to handle such 
difficult process gases as chlorine, oxy- 
gen and hydrogen, non-lubricated com- 
pressors are of particular interest to the 
chemical industries. These compressors 
do not contaminate the process gas with 
oil and often are used to handle air, ni- 
trogen, ammonia, steam and organics 
such as methane, ethane, ethylene and 
hydrogen sulfide. 

A variety of materials such as carbon- 
graphite and various resin bonded fabric 
laminates have been used, but limited 
life of the rings has been a major deter- 
rent to the use of non-lubricated com- 
pressors. 


Piston Ring Development 

Development of piston rings made of 
TFE resins stemmed from the use of 
the resins for bearings. These bearings 
were developed for textile and sewing 
machinery, pumps and instruments be- 
cause the bearings could operate with- 
out any lubrication other than from the 
TFE resins themselves. In these appli- 
cations, resins blended with powdered 
glass fibers, graphite, coke and metals 
were developed to give the bearings in- 
creased ability to carry heavy loads 
without deforming. Deformation under 
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load was reduced by a factor as high as 
15 to 1; thermal expansion was cut in 
half. Of greater significance, however, 
was the increase of wear resistance by a 
factor as high as 500 to 1. Although the 
coefficient of friction of these blended 
resins is higher than of pure TFE resin, 
it is still at a satisfactory low level. 

Jearings made of these blended resins 
prevent freezing and chattering because 
their starting friction is about the same 
as the running friction. Of course, these 
same mechanical properties are also 
desirable for piston rings. 

In tests conducted by Koppers Co., 
Inc., and France Packing Co., Philadel- 
phia, Pa., TFE resin blended with glass 
showed excellent wear resistance at room 
temperature and 400 F. Rings made of 
carbon-graphite showed similar wear 
resistance, but these rings have extreme 
brittleness and rigidity. When a carbon 
ring fails, it may cause scoring of the 
cylinder. Failures of TFE-fluorocarbon 
rings have resulted in no damage to the 
compressor. 

Another advantage of piston rings 
made of the resins is elimination of the 
time consuming run-in followed by dis- 
assembly of the compressor to rotate 
the rings when carbon rings are used. 

Case histories of compressors with 
rings made of resins include such serv- 
ices as air, dry nitrogen, carbon dioxide 
and pump services on hydraulic fluid 
and cold liquid oxygen. These cases 
included rings to 15 inches in diameter 
with piston speeds to 1800 feet per 
minute, pressures to 2400 psi and tem- 
peratures ranging from —320 to 350 F. 
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Service life to 25 months has been 
reported when rings and rod packings 
of TFE-fluorocarbons are used. This 
service life is impressive because a serv- 
ice life of just a few weeks often is con- 
sidered normal for some non-lubricated 
services. 

One future application of rings made 
of these resins is in diesel engines. Com- 
pressor rings of TFE resins will run 
even better with a lubricant and with 
cylinder walls cooled than when run 
without lubricants or cooling. Rings 
containing TFE resins are being studied 
for serviceability in diesel engines. 


Cost factors also show some of the 
advantages of piston rings made of 
TFE-fluorocarbon resins. The high cost 
f the rings themselves, as expected in 
1 new product, is offset by elimination 
of breaking during installation, reduc- 
tion in piston costs because less critical 
tolerances are possible and use of less 
expensive metals in compressor cylin- 
lers because the resins run best against 
ordinary cast iron rather than against 
chrome plated, nitrided or stainless steel 
cylinders or liners. The TFE rings also 
eliminate investments for lubricators and 
oil separators. 


Hose Lined With TFE Resin 


Hose lined with Teflon was first 
manufactured in 1953 for hydraulic and 
fuel lines on military aircraft. Wire over- 
braided hose of TFE resins was de- 
signed to withstand the severe service 
conditions in jet planes that included 
service pressure of 1500 psi, tempera- 
tures from —70 F to 500 F, vibration, 
impulsing and environments involving 
solvent fuels and hydraulic fluids, par- 
ticularly the non-flamable type. 

To qualify for military specifications 
for high temperature assemblies, TFE 
resin hose must pass tests which include 
temperatures from —67 F to 450 F, 
pressures to 3000 psi, vibration test of 
33 million cycles and combinations of 
these conditions in the presence of hy- 
draulic and test fluids. 

Figure 2 shows an overbraid rein- 
forced flexible hose of TFE-fluorocar- 
bon resin. 
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Several case histories showing various 
industrial applications in which wire 
overbraided TFE resin hose are given 
below to show various uses of this type 
hose. 


Steam Service Case Histories 

TFE hose has been used in several 
steam services where the metal over- 
braided construction, flex durability and 
heat resistance have been advantageous. 
For example, a TFE hose in service for 
over nine months handling steam at 125 
psi and 350 F showed no signs of break- 
down. Average life of an elastomer hose 
in the same service was less than six 
months with dangerous failures. 

Another case history involves a cloth- 
ing manufacturer who was plagued with 
hose life averaging less than 30 days 
even though the hose was subjected to 
only 25 psi at 250 F. After test pieces 
of TFE-fluorocarbon hose remained in 
near perfect condition after six months’ 


Figure 2—Overbraid reinforced flexible hose 
made of TFE-fluorocarbon resins. Swage type 
coupling is shown in upper portion of photo- 
graph. 


Figure 3—Rubber tire mold in which four swivel 
joints on the rigid piping are used to carry 
steam or superheated water under pressure to 
inflate a bladder during the curing operation. 
TFE reinforced hose is being used to replace 
the rigid piping which has frequent leaks. 
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service, the manufacturer changed all his 
flexible steam hose to TFE resin hose. 
He reported not only a dramatic reduc- 
tion in maintenance and down-time but 
also a boost in safety and employee 
morale. 

Another steam service in which TFE 
hose has proved its performance is in 
a tire mold platen press. Steam and 
condensate to and from the upper platen 
pass through flexible hose. Until TFE 
overbraided hose was used, the average 
life of flexible hose on the presses was 
six weeks. 

TFE resin hose also was used to 
replace the rigid piping (see Figure 3) 
on the tire mold press used to inflate 
a bladder with steam or superheated 
water under pressure. The rigid piping 
used had a minimum of four swivel 
joints as shown in Figure 3. This cum- 
bersome and leaky set-up has been re- 
placed with a short section of %4-inch 
TFE hose. This change is being adopted 
by the whole tire industry. 


Chemical Service Case Histories 


Many case histories show the use of 
TFE-fluorocarbon hose in applications 
where chemical resistance is important. 
For example, a TFE hose is used to 
carry hot paint at temperatures to 190 
F and at 600 psi in an airless paint 
spray system. Hose in this application 
has shown good resistance to heat, 
solvents, abrasion and flexing and has 
proved easy to clean. 

Another TFE hose showed good 
service for three years on a shoe ma- 
chine in which the flexible hose carried 
hot adhesives from the glue pot to a 
nozzle. Best previous performance of 
other materials was less than one year. 

TFE hose also has been used in handling 
white fuming nitric acid and peroxide 
oxidizers in missiles. 
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EW USES for Teflon* tetrafluoro- 

ethylene-flurocarbon resins include 
piston rings, rod packings and overbraided 
hose for applications in the chemical and 
allied industries. These resins, to be called 
TFE-fluorocarbon in this article, are rec- 
ognized as being among the most chemi- 
cally resistant of the plastic materials and 
among the most heat resistant of the 
thermoplastics. 

These resins have been used as gaskets, 
packing, seals, bearings and electrical in- 
sulation. Their performance on steel pipe 
for high temperature service has been dis- 
cussed in a Technical Topic published on 
Page 9 of the November, 1960, CorrosIon. 

The principal reason for using these 
TFE-fluorocarbon resins is not always to 
prevent corrosion. Sometimes, these resins 
are selected for lubricity, low friction, re- 
sistance to erosion and wear, resistance to 
heat, resistance to sticking, and their non- 
conducting, non-contaminating and non- 
catalytic properties. 


Piston Rings and Rod Packings 
Teflon TFE-fluorocarbon resins have 
been used in the fabrication of piston 
rings (see Figure 1) and rod packings 
for reciprocating pumps and compres- 
sors because of the resins’ lubricity, 
resiliency and ability to withstand high 


*% Extracted from a_paper titled ‘‘Lined Pipe 
and Other New Forms and Uses for Teflon 
Fluorocarbon Resins in Chemical Industries” 
presented at the 15th Annual Conference, Na- 
tional Association of Corrosion Engineers, 
March 16-20, 1959, Chicago, III. 

* Registered trademark for E. I. du Pont de 
Nemours & Co., Inc., Wimington, Del. 


Fluorocarbon Resin 
ings and Overbraided Hose 
Give Good Service’ 


L. A. Ferris 


E. |. du Pont de Nemours & Company 
Wilmington, Delaware 







































Figure 1—Small piston ring of reinforced TFE- 
fluorocarbon resin. Stepjoint and metallic ex- 
pander spring are shown. Rings of this material 
have been made in sizes to 29 inches in diameter. 


temperatures. Their resistance to chemi- 
cals is less important in these specific 
applications. 

3ecause of their ability to handle such 
difficult process gases as chlorine, oxy- 
gen and hydrogen, non-lubricated com- 
pressors are of particular interest to the 
chemical industries. These compressors 
do not contaminate the process gas with 
oil and often are used to handle air, ni- 
trogen, ammonia, steam and organics 
such as methane, ethane, ethylene and 
hydrogen sulfide. 

A variety of materials such as carbon- 
graphite and various resin bonded fabric 
laminates have been used, but limited 
life of the rings has been a major deter- 
rent to the use of non-lubricated com- 
pressors. 


Piston Ring Development 

Development of piston rings made of 
TFE resins stemmed from the use of 
the resins for bearings. These bearings 
were developed for textile and sewing 
machinery, pumps and instruments be- 
cause the bearings could operate with- 
out any lubrication other than from the 
TFE resins themselves. In these appli- 
cations, resins blended with powdered 
glass fibers, graphite, coke and metals 
were developed to give the bearings in- 
creased ability to carry heavy loads 
without deforming. Deformation under 
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load was reduced by a factor as high as 
15 to 1; thermal expansion was cut in 
half. Of greater significance, however, 
was the increase of wear resistance by a 
factor as high as 500 to 1. Although the 
coefficient of friction of these blended 
resins is higher than of pure TFE resin, 
it is still at a satisfactory low level. 

Searings made of these blended resins 
prevent freezing and chattering because 
their starting friction is about the same 
as the running friction. Of course, these 
same mechanical properties are also 
desirable for piston rings. 

In tests conducted by Koppers Co., 
Inc., and France Packing Co., Philadel- 
phia, Pa., TFE resin blended with glass 
showed excellent wear resistance at room 
temperature and 400 F. Rings made of 
carbon-graphite showed similar wear 
resistance, but these rings have extreme 
brittleness and rigidity. When a carbon 
ring fails, it may cause scoring of the 
cylinder. Failures of TFE-fluorocarbon 
rings have resulted in no damage to the 
compressor. 

Another advantage of piston rings 
made of the resins is elimination of the 
time consuming run-in followed by dis- 
assembly of the compressor to rotate 
the rings when carbon rings are used. 

Case histories of compressors with 
rings made of resins include such serv- 
ices as air, dry nitrogen, carbon dioxide 
and pump services on hydraulic fluid 
and cold liquid oxygen. These cases 
included rings to 15 inches in diameter 
with piston speeds to 1800 feet per 
minute, pressures to 2400 psi and tem- 
peratures ranging from —320 to 350 F. 
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Service life to 25 months has been 
reported when rings and rod packings 
of TFE-fluorocarbons are used. This 
service life is impressive because a serv- 
ice life of just a few weeks often is con- 
sidered normal for some non-lubricated 
services. 

One future application of rings made 
of these resins is in diesel engines. Com- 
pressor rings of TFE resins will run 
even better with a lubricant and with 
cylinder walls cooled than when run 
without lubricants or cooling. Rings 
containing TFE resins are being studied 
for serviceability in diesel engines. 


Cost factors also show some of the 
advantages of piston rings made of 
TFE-fluorocarbon resins. The high cost 
f the rings themselves, as expected in 
1 new product, is offset by elimination 
of breaking during installation, reduc- 
tion in piston costs because less critical 
tolerances are possible and use of less 
expensive metals in compressor cylin- 
lers because the resins run best against 
ordinary cast iron rather than against 
chrome plated, nitrided or stainless steel 
cylinders or liners. The TFE rings also 
eliminate investments for lubricators and 
oil separators. 


Hose Lined With TFE Resin 


Hose lined with Teflon was first 
manufactured in 1953 for hydraulic and 
fuel lines on military aircraft. Wire over- 
braided hose of TFE resins was de- 
signed to withstand the severe service 
conditions in jet planes that included 
service pressure of 1500 psi, tempera- 
tures from —70 F to 500 F, vibration, 
impulsing and environments involving 
solvent fuels and hydraulic fluids, par- 
ticularly the non-flamable type. 

To qualify for military specifications 
for high temperature assemblies, TFE 
resin hose must pass tests which include 
temperatures from —67 F to 450 F, 
pressures to 3000 psi, vibration test of 
33 million cycles and combinations of 
these conditions in the presence of hy- 
draulic and test fluids. 


Figure 2 shows an overbraid rein- 
forced flexible hose of TFE-fluorocar- 
bon resin. 
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Several case histories showing various 
industrial applications in which wire 
overbraided TFE resin hose are given 
below to show various uses of this type 
hose. 


Steam Service Case Histories 

TFE hose has been used in several 
steam services where the metal over- 
braided construction, flex durability and 
heat resistance have been advantageous. 
For example, a TFE hose in service for 
over nine months handling steam at 125 
psi and 350 F showed no signs of break- 
down. Average life of an elastomer hose 
in the same service was less than six 
months with dangerous failures. 

Another case history involves a cloth- 
ing manufacturer who was plagued with 
hose life averaging less than 30 days 
even though the hose was subjected to 
only 25 psi at 250 F. After test pieces 
of TFE-fluorocarbon hose remained in 
near perfect condition after six months’ 


Figure 2—Overbraid reinforced flexible hose 
made of TFE-fluorocarbon resins. Swage type 
coupling is shown in upper portion of photo- 


graph. 


Figure 3—Rubber tire mold in which four swivel 
joints on the rigid piping are used to carry 
steam or superheated water under pressure to 
inflate a bladder during the curing operation. 
TFE reinforced hose is being used to replace 
the rigid piping which has frequent leaks. 
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service, the manufacturer changed all his 
flexible steam hose to TFE resin hose. 
He reported not only a dramatic reduc- 
tion in maintenance and down-time but 
also a boost in safety and employee 
morale. 

Another steam service in which TFE 
hose has proved its performance is in 
a tire mold platen press. Steam and 
condensate to and from the upper platen 
pass through flexible hose. Until TFE 
overbraided hose was used, the average 
life of flexible hose on the presses was 
six weeks. 

TFE resin hose also was used to 
replace the rigid piping (see Figure 3) 
on the tire mold press used to inflate 
a bladder with steam or superheated 
water under pressure. The rigid piping 
used had a minimum of four swivel 
joints as shown in Figure 3. This cum- 
bersome and leaky set-up has been re- 
placed with a short section of %4-inch 
TFE hose. This change is being adopted 
by the whole tire industry. 


Chemical Service Case Histories 


Many case histories show the use of 
TFE-fluorocarbon hose in applications 
where chemical resistance is important. 
For example, a TFE hose is used to 
carry hot paint at temperatures to 190 
F and at 600 psi in an airless paint 
spray system. Hose in this application 
has shown good resistance to heat, 
solvents, abrasion and flexing and has 
proved easy to clean. 

Another TFE hose showed good 
service for three years on a shoe ma- 
chine in which the flexible hose carried 
hot adhesives from the glue pot to a 
nozzle. Best previous performance of 
other materials was less than one year. 

TFE hose also has been used in handling 
white fuming nitric acid and peroxide 
oxidizers in missiles. 
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Figure 1—Effect of humidity, rust and 5 percent phosphoric acid wash 
on performance of coating. 
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Figure 2—Performance of a bituminous coating system with and without 


wash primer on clean and rusty steel. 
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Laboratory Tests Give 


Rapid Evaluation 


of 


Ship Bottom Coatings’ 


Introduction 

| Puerto antenatal EVALUATION of 

ship bottom coatings is looked upon 
with disfavor because it takes place under 
ideal conditions while service applica- 
tion takes place under many conditions 
other than ideal. However, laboratory 
evaluation compares much more favor- 
ably with ship trials than is generally 
conceded. 

In practice, a single lab trial is like a 
ship trial: both are conducted under only 
one set of conditions. They differ in that 
the conditions are known for the lab 
trial and unknown for a service trial. In 
the lab these conditions can be varied 
so that the effect of a variety of surface 
preparation and weather conditions can 
be evaluated. In service a sufficient num- 
ber of trials would have to be made to 
ensure that the entire range of service 
conditions were encompassed, thus re- 
% Revision of a paper titled “Paints for Ship 

Bottoms—Case for Laboratory Evaluation” 

presented at a meeting of the Western Divi- 

sion, Canadian Region, National Association 


of Corrosion Engineers, Vancouver, British 
Columbia, February 10, 1960. 


quiring that many ships be involved in 
the tests. 

Laboratory testing also permits rapid 
evaluation without accelerating the rate 
of coating breakdown. Instead, sensitivity 
is improved for measuring the breakdown 
rate. For description of this evaluation, 
see author’s article “Evaluation of Pro- 
tective Coatings for Ship Bottoms,” 


Corrosion, 15, 315t (1959) June. 
Study of Drydock Variables 


Test results obtained with a single 
coating system applied under a variety 
of conditions are presented graphically 
in Figure 1. The system consisted of 
wash primer pre-treatment, two coats of 
anti-corrosive and one of anti-fouling. 
Treatment started in all cases with wet 
sandblasting. This was followed by vari- 
ous treatments to simulate the effect of 
drydock exposure before painting: pro- 
duction of various degrees of rusting, 
treatment with 5 percent solution of 
H;POs, and exposure for 24 hours to rain 
and high humidity. Temperature during 
the exposure and painting was about 50 F 
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J. R. Brown 


Pacific Naval Laboratory 
Esquimalt, British Columbia 
Canada 


Abstract 


Discusses superior results obtained from 
laboratory evaluation of ship bottom 
coatings as compared with ship trial tests. 
Explains value of rapid evaluation, easy 
replication and controlled conditions 
which are possible with lab tests but not 
on ship trials. Describe tests conducted 
to study drydock variables, wash primer 
for pretreatment and influence of coatings 
on pitting rate of protected steel. 2.3.2 
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and the relative humidity 70 to 100 per- 
cent. 

The first bar in Figure 1 represents 
performance from an application made 
under ideal conditions. Distance between 
the end of the bar and dotted line rep- 
resents the range of values obtained 
through many repetitions and so give 
a measure of the method’s precision. Bar 
2 involved exposure of the panels to high 
humidity outdoors for one hour before 
painting and then painting outdoors. 

3ar 3 is similar to the second except that 

the exposure was 24 hours—long enough 
for formation of a slight rust bloom. It 
can be seen that when application is 
made on clean steel, high humidity has 
little or no effect on performance of this 
coating system. 

The difference a 5 percent H:PO, wash 
makes under these conditions is shown 
by Bar 4. This treatment, which is sup- 
posed to inhibit rusting, actually results 
in poorer performance than no treatment 
at all. Previous work has shown that, 
under the low humidity conditions of 
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the laboratory, this treatment does not 
alter performance. The reason for this 
reduction may be that the phosphate 
salts, which are hygroscopic, absorb 
moisture under high humidity conditions. 

Also shown here are the effect of sev- 
eral degrees of rusting when painting is 
carried out under high and low humidity 
conditions. The reduction in performance 
is as could be expected. Bars 5 and 6 
represent the effect of moderate and 
heavy rusting respectively when appli- 
cation is made under high humidity con- 
litions. Bar 7 shows the effect of heavy 
rust when painting is done under low 
1umidity conditions. Comparison of Bars 
6 and 7 shows that the detrimental effect 
of the rust layer is aggravated by high 
humidity, possible as a result of moisture 
ibsorption by the rust layer. 

Thus, high humidity is detrimental to 
he performance of this coating system 
nly when there is foreign matter on 
the surface to be painted—a good argu- 
ment for improving standards of surface 
reparation. 


Study of Wash Primer 
for Pre-Treatment 
Figure 2 shows the effect of wash 
xrimer on this coating system. Bar 1 is 
for the system including wash primer and 
3ar 3 without. Corresponding perform- 
inces for the same treatments applied 
»ver heavy rust are given by Bars 2 and 


4. Value of the wash primer is evident 
for clean steel and rusty steel. This re- 
sult is particularly interesting because 
there seems to be a general feeling that 
wash primer is more sensitive to surface 
preparation than normal primers. At least 
in this example, sensitivity of the wash 
primer was about the same as that of 
the bituminous primer. 

A special tunnel (see Figure 3) was 
used to determine the effect of high 
velocity on coated panels. The tunnel 
subjects panels to water flow equivalent 
to ship speeds of 15 to 24 knots. It also 
has provision for cathodic protection of 
the panels. 

The effect of high velocity on panels 
is shown in Figures 4, 5 and 6. These 


Figure 3—Tunnel used to expose coated panels to water velocity effects. 


panels were under cathodic protection 
in the test tunnel for about 200 days. 
For most of this period, the potential 
was 1.0 volts to silver-silver chloride, but 
for the latter 70 days it was 1.2 volts. 
Figure 4 shows a bituminous system over 
wash primer that blistered badly near 
the score mark. Some blisters were swept 
away by the sea water. Figure 5 shows 
another bituminous system over wash 
primer which was more severely blistered 
and suffered considerable flaking. 

The vinyl system in Figure 6 appears 
unscathed by its exposure. However, 
this is not the case. Adhesion was re- 
duced to nil for a good distance beyond 
the score mark apparently as a result of 
the complete destruction of the wash 
primer. Figure 7 shows the extent of 
this effect. Instead of a score mark, these 
panels had a %-inch diameter window. 
However, the effect was the same. The 
reason for the unsymmetrical patterns 
on the two outer panels is that they were 
damaged at the edge during installation 
in the tunnel. For the first half-inch 
beyond the window, the wash primer 
was reduced to a mush; from there to 


the edge of the paint, film strength was 
greatly reduced. Beyond that point, ad- 
hesion was excellent. On the panels 
coated with bituminous systems, though 
blistering and flaking occurred, the wash 
primer was relatively unaffected and re- 
tained its good adhesion. 

This finding is interesting because, 
though the vinyl system makes a good 
bottom coating, it suffers from loss of 
adhesion and stripping. This stripping 
of vinyl paints in service is generally 
attributed to inadequacies in surface 
preparation even though, in some cases, 
special attention was given to this vital 
step. As a result, the vinyl system is 
said to be especially sensitive to surface 
preparation. 

Wash primer in conjunction with a 
bituminous system is not especially sensi- 
tive to substrate surface condition. It has 
also been shown that wash primer under- 
goes degradation under cathodic protec- 
tion when coated with vinyl red lead, but 
not when coated with a bituminous sys- 
tem. From these findings the inference 
can be drawn that stripping of vinyls 

(Continued on Page 30) 


Figure 4—Blistering and flaking of a scored bituminous system under cathodic protection and 

high water velocity. Figure 5—Blistering and flaking of a scored bituminous system under cathodic 

protection and high water velocity. Figure 6—Panels coated with a vinyl system were scored and 

exposed to high water velocity with cathodic protection. Figure 7—Vinyl coating system with 

Yy-inch diameter window after exposure to cathodic protection and high velocity. Loose paint 
was removed after the exposure to show poor adhesion. 
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Ship Coatings — 
(Continued from Page 29) 


experienced in service is due, at least in 
part, to a cause other than imperfections 
in surface preparation and that service 
data has indicated an erroneous conclu- 
sion, 

Influence of the Coating on Pitting Rate 

It has been said more than once that 
“sood” coatings can be dangerous. The 
reason given for this is that coated steel 
is cathodic to bare steel and therefore, 
if a coating is so good that it allows 
very few bare areas, these areas in effect 
will be surrounded by large cathodes and 
pitting will be very rapid. Because accel- 
erated pitting does occur and because 
efforts of paint formulators are in the 
direction of increased film continuity, it 
is of interest to investigate this poten- 
tially serious contention. 

Figure 8 shows a pit which penetrated 
at the rate of 180 mils per year, far in 
excess of normal pitting. Rough calcu- 
lations based on the weight of metal 
dissolved and an arbitrary 0.5 volt poten- 
tial indicate that resistance of the coating 
would have to be less than 6000 ohms 
to allow the required current to pass. 
Intact coatings on similar panels gen- 
have resistances in excess of 10° 
ohms and never exhibit corrosion when 
the resistance is above 10° ohms. The 
current could not, then, have been pro- 
vided through the paint film but presum- 
ably came from the rest of the bare area. 
In fact cathodic deposit was visible at 
the cathode sites. 


erally 


To determine the effect of size and dis- 
tribution on the pitting rate of uncoated 
areas, an experiment was conducted 
using sandblasted panels coated with 
one primer, two vinyl anti-cor- 
and one vinyl anti-fouling. Holi- 
days were created in the panel coatings 
by sandblasting through templates to 
give the following five patterns: (1) one 
holiday, 446-inch diameter, (2) one holi- 
day, ™%4-inch in diameter, (3) 64 holidays, 
14-inch diameter separated by %p-inch 
on a square pattern, (4) 64 holidays, Ye- 
inch diameter separated by %g-inch and 
distributed over both sides of the panel 
and (5) bare panels. 


wash 
rosive, 


Figure 8—Accelerated pitting (180 mpy). 
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Panels were prepared in triplicate and 
exposed to slowly moving sea water for 
100 days. Pitting results from Patterns 
2, 3 and.4 are shown in Figure 9. Results 
for maximum depth of pitting are given 
graphically in Figure 10. 

In Figure 10 the three maximum values 
of pit depth obtained from the three 
samples of the same hole pattern are 
shown on each bar by the top and bot- 
tom of the cross-hatched area and the 
horizontal line within this area. It can 
be seen that the range of values for each 
pattern is sufficiently small compared 
to the results from the other patterns to 
indicate a significant dependence of max- 
imum pit depth on bare area size and 
distribution, The smallest pit depth oc- 
curred with a single 4¢-inch diameter 
hole and was significantly less than that 
on the bare panels. If the coating acted 
as a cathode, the reverse would be the 
case. Increasing the size of the window 
to %-inch resulted in increased depth of 
penetration; spreading this total area into 
64 holidays of Yg-inch diameter resulted 
in additional increase in maximum pit 
depth. Still more increase resulted from 
additional separation of the holes. 


From these results, the conclusion can 
be made that coated steel is not an 
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effective cathode but that there is a re- 
lationship between size and distribution 
of holidays and pitting rate. Why this 
relationship exists is not established, bu 
it may be a function of the availability of 
oxygen to the cathode areas. Normally 
oxygen in a cathode plane must be sup 
plied to a given incremental area throug! 
a cylinder in height equal to the thicknes 
of the diffusion layer. However, an iso 
lated cathode can draw oxygen from ad 
jacent areas as well as from directly in 
front so that, in the extreme case of : 
point cathode, oxygen is drawn from : 
hemispherical volume and therefore i 
in much better supply than for the sam: 
point in a cathode plane. In any case 
whether this is the best explanation co 
not, the phenomenon undoubtedly play: 
a contributing role in accelerated pitting 


Conclusion 
As illustrated by these tests, laboratory 
evaluation compares more favorably witl 
ship trials of coatings than is generally 
believed. The control offered in the lal 


and the relative ease of replication unde: 
varied conditions results in precision and 
speed not possible with coating tests con- 
ducted on ships. Consequently, the effects 
of many variables can be studied in lab 
tests, but these effects from ship trials 
can be only grounds for speculation. 


Figure 9—Three patterns of holidays sandblasted on panels to determine effect of coatings on 
pitting rates. Panels were subjected to slowly moving sea water for 100 days. 
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Figure 10—Graphic representation of maximum depths of pitting obtained on panels with various 
holiday patterns. 
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ATMOSPHERIC 


CORROSION 
PROBLEMS . . . plant structures, tanks, products? 


Nowery J. Smith Company offers you the best—the most complete— 
corrosion prevention services in the Southwest. 
We bring our corrosion prevention services to your plant or 
location—no matter how remote, off shore, or on shore. 
Or, your products can be corrosion-proofed in our Houston plant. 
Whatever corrosion prevention service your products 
or structures require, Nowery J. Smith Co. has the equipment, 
the experience, and the technical personnel to do the job 
best. Hot-dip Galvanizing. Metallizing. Special Coatings. Painting and 
Priming. Oiling. Sand or Shot Blasting. Pickling and Passivating, 
Rubber Lining. (Nowery J. Smith Co. is the exclusive 
applicator of Plioweld* Linings in the Southwest.) 
It’s easy to find out just how well Nowery J. Smith Co. 
can serve you. Call, write, or wire: 


y NOWERY J. SMITH CO. 


P. 0. BOX 7398 UNderwood 9-1425 8000 HEMPSTEAD HIGHWAY HOUSTON 8, TEXAS 


ONE OF THE SMITH INDUSTRIES — j 


*Plioweld is a trade name of The Goodyear Tire & Rubber Company. 
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Iso-Corrosion chart for Ni-o-nel alloy in sulfuric acid, based on laboratory data using pure acid. 


How Ni-o-nel alloy resists attack 
by hot sulfuric acid 


The few seconds it takes to read this 
chart may very well give you a practi- 
cal answer to acids handling problems. 


Ni-o-nel* nickel-iron-chromium alloy 
resists sulfuric acid solutions of up to 
about 40% concentration by weight at 
boiling temperature and up to 60% at 
176°F. Moreover, it has good resistance 
to all concentrations at room tempera- 
ture. The presence of oxidizing salts 
usually steps up corrosion resistance 
even more. That’s why Ni-o-nel alloy is 
so suitable for mixtures containing nitric 
acid, cupric sulfate and ferric sulfate. 


Readily welded. The metal-arc weld- 
ing of Ni-o-nel alloy follows standard 


welding procedures employing a “135*” 
Ni-o-nel electrode. And, you exercise the 
same normal precautions about cleanli- 
ness of surface, use of annealed mate- 
rial, and removal of all slag before 
depositing successive beads in a multi- 
pass weld. Or you can use the tungsten- 
inert gas process equally well, with 
“65*” Ni-o-nel filler metal. 


To get detailed information on 
Ni-o-nel alloy, write for booklet T-37, 
“Engineering Properties of Ni-o-nel.” 


NI-O- 


You’ll get concrete facts on the remark- 
able corrosion resistance ... the unique 
weldability for economical fabrication 

.. of this alloy. For help in selecting 
materials to hold hard-to-handle corro- 
sives, contact us. Our engineers will 
gladly provide the metallurgical infor- 


mation you want. *Inco trademark 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
Huntington 17, West Virginia 


NEL. 
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Stainless Rotors 


Defy Corrosion of 
Wet Corn Milling 


Precipitation hardenable stainless steel 
was used to cast impact rotors capable 
£ withstanding the corrosion, abrasion 
ind stress inherent in wet corn milling 
vith centrifugal impact machines. 

Fifty thousand pounds of steep corn 
yer hour is fed into the rotor, which is 
-otating at 3600 rpm; the periphery of the 
10-inch rotor is traveling over 500 feet 
yer second. Kernels are hurled and 
smashed against impact posts along the 
rim of the rotor at velocities approach- 
ing that of a fired rifle bullet, according 
to the manufacturer of the machines, 
Entoleter, Inc., New Haven, Conn. 

Highly corrosive corn steep liquer 
containing sulfurous acid is freed when 
the kernels are smashed and thrown 
from the rotor to impinge on the wall 
of the machine. 


High stresses caused by rapid rota- 
tion and centrifugal accelerations of the 
rotors required design specifications of 
100,000 psi tensile strength for the ro- 
tors. 


The allov selected for the rotors is 
type CB-7Cu with the composition C 
16.5% Ni 4%, Cu 4% and CO5%. The 
alloy’s tensile strength of 179,000 psi, 
yield point of 150,000 psi and elongation 
of 4% are developed in a duplex heat 
treatment of solution annealing bv 
quenching after one hour’at 1800-1850 
F and precipitation hardening for one 
hour at 850-900 F with air cooling. 


Stationary parts of the machine ex- 
posed to the wet corn slurry are cast 
from ACI type CF-8M stainless alloy; 
this alloy, which contains molybdenum 
additions of two to three percent, offers 
good resistance to the sulfuric acid pres- 
ent in the corn steep liquor. 

Three of these centrifugal machines 
have completed four years’ service at a 
large corn milling plant with no down- 
time. They have increased starch yield 
three percent and cut processing costs 
by half a cent per bushel. 


British Iron and 


Steel Group to Tour 
U. S. and Canada 


Members of the Iron and Steel Insti- 
tute, of Great Britan, will meet in the 
United States this fall at the invitation of 
the Metallurgical Society of AIMFE, 29 
West 39th Street, New York 18, N. Y. 


For three weeks, beginning October 19, 
the British group will tour industrial 
plants in Canada and the United States; 
they also have been invited to attend the 
National Metal Congress and Exposition 
of the American Society for Metals at 
Detroit October 23-26 and the Fall Meet- 
ing of the Metallurgical Society being 
held in conjunction with the Congress. 


ATOMIC FUEL pressure spheres .001-inch diameter (upper left clustered around office 

staple) may provide the eagerly sought answer to economical, safe atomic power. Magnified 

100 times at right, cross-section of single sphere shows uranium dicarbide center clad 
with impermeable pyrolytic graphite coating. 


Atomic Spheres Promise Safe, 
Economical Steam Power 


Atomic power produced from radio- 
active gases with existing high efficiency 
steam generating equipment coupled di- 
rectly to an economical nuclear reactor 
is feasible, according to High Tempera- 
ture Materials, Inc., 31 Antwerp Street, 
3oston 35, Mass. 

The company has developed pyrolytic 
graphite pressure spheres to contain the 
radioactive gases which are by-products 
of the fission process. Each sand-size 
fuel particle is coated with the impervi- 
ous pyrolytic graphite coating and the 
particles are then dispersed within 2%4- 
inch graphite balls to attain near opti- 
mum fuel density. These fuel balls are 
loaded into a reactor and unloaded very 
simply. 

The fact that pyrolytic graphite will 
not react with most available coolants 
affords significant construction and op- 
erating economies by allowing direct 
generation of uncontaminated steam. 
High temperature strength of the pyro- 
lytic graphite coating allows operation 
at efficient reactor temperatures with- 
out dissipation of radioactive by-prod- 
ucts. At 4500 F the pressure of fission 
gases to be contained within each fuel 
particles would reach 80,000 psi but 
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would require only 40 to 80 microns of 
pyrolytic graphite over a 100 to 300 
micron diameter fuel particle. 


Results of tests now in progress in- 
dicate fuel economy will also be im- 
proved by reducing costs of fuel reproc- 
essing. Chemical reprocessing of metal 
clad fuel elements costs a minimum of 
$56,000 a batch and is performed when 
the metal cladding begins to break down 
rather than when the fuel is exhausted. 
Reprocessing of pyrolytic graphite clad 
fuel may be accomplished by a simple 
crushing and gravity separation process 
at the end of the fuel’s useful life. Fur- 
ther economies result from the spectro- 
scopic purity of pyrolytically deposited 
graphite and the high neutron economy 
of graphite. 

The integrity of the coated particles 
has been subject to rigorous testing, 
High Temperature Materials, Inc., re- 
ports. Particles have been cycled from 
room temperature to 3632 F repeatedly, 
followed by boiling in nitric acid. These 
tests have shown no increase in activity 
over background levels. Irradiation tests 
by the Atomic Energy Commission at 
the Oak Ridge National Laboratory- 
also are being conducted. 
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Costly Titanium Fan 
Pays For Itself 
First Fifteen Weeks 


A titanium fan installed to exhaust 
highly corrosive gases from a rotary 
furnace paid for itself the first 15 weeks 
of operation. 

The furnace is used in salvaging 75,000 
to 100,000 pounds of copper wire coated 
with polyvinyl per day. Combustion of 
the polyvinyl in the furnace creates gases 
containing ferric, cupric and hydrogen 
chlorides. These gases pass from the 
furnace through a salt water spray unit 
for cooling and scrubbing and the ex. 
haust contains residual hydrochloric acid 
plus wet iron and copper salts. 

The 49-inch titanium fan and its hous- 
ing costs $17,000. Carbon steel fans previ- 
ously used survived about one week; each 
failure cost about $1100 (material $400, 
downtime $600 and labor $100. 

The titanium fan was constructed of 
¥g-inch commercially pure titanium sheet 
with a 5% by 12-inch titanium hub. It 
weighs 200 pounds and is capable of ex- 
hausting 20,000 cubic feet of gases from 
the furnace per minute. The fan is in serv- 
ice at Nassau Smelting and Refining 
Company, Tottenville, Staten Island, N. Y. 
a division of Western Electric Company, 


Inc., 195 Broadway, New York 7, N. Y. 


Mine Employs 
Synthetic Rubber 
For A-C Cables 


Synthetic rubber connectors are used 
to join high voltage wires of the electri- 
cal system of one of the few coal mines 
in the United States using alternating 
current. 

The connectors, rated at 7500 volts and 
permanently vulcanized to the cable 
jacket, have been in use for over a year 
and have shown good resistance to abra- 
sion, moisture and aging. Made from 
Hypalon, a chlorosulfonated polyethylene 
developed by Du Pont, the connectors 
are manufactured by the Electrical Prod- 
ucts Division of Joy Manufacturing 
Company, 1201 Macklind Avenue, St. 
Louis 77, Mo. 

Alternating current was specified for 
the installation to gain economies both in 
initial installation and in operations and 
maintenance. Unlike direct current op- 
erations where high voltage is not carried 
beyond the standard rectifier set, rotary 
converter or motor generator, the alter- 
nating current installation carries high 
voltages well into the underground mine 
entries. Connectors are used not only 
where cable lengths meet but where cir- 
cuits enter or leave control or trans- 
former boxes or other operating equip- 
ment. 

Safe high voltage connectors were 
fundamental in developing a safe alter- 
nating current electrical system for the 
mine. Joy engineers spent five years of 
research before they found an elastomer 
that could stand up to mine requirements. 

Another synthetic rubber, Neoprene, 
is used for cable jacketing throughout the 
mine and for conveyer belts. Both Neo- 
prene and Hypalon have good resistance 
to flame, a quality which is important in 


preventing the spread of fire along con- 
veyor belts and electric cables. They are 
produced by E. I. du Pont de Nemours 
& Company, Wilmington, Del. 

The coal mine referred to is located 
near Parrish, Ala., and is owned by 
Southern Electric Generating Company, 
600 No. 18th St., Birmingham 2, Ala. 


Polymer (France) Building 
$12 Million Rubber Plant 


A contract for the design and con- 
struction of a $12 million specialty rub- 
ber plant at Strasbourgh, France has 
been let by Polymer Corporation 
(SAF), France, newly formed subsidi- 
ary of Polymer Corporation, Ltd., Sar- 
nia, Ontario. The plant, scheduled for 
completion the last half of 1962, will 
have a capacity of 10,000 tons of spe- 
cialty rubber per year. Construction 
will start this summer. 

Badger (France) S. aR. L., Paris, re- 
ceived the contract; Badger N. V., Dutch 
associate company of Badger (France) 
will assist in handling the project. Both 
companies are affiliated with Badger 
Manufacturing Company, Cambridge, 
Mass. 


Prestressed Concrete Group 
To Meet in Denver Oct. 15 


The Prestressed Concrete Institute 
will highlight “New Opportunities in 
Structural Design” during its national 
convention October 15-19 at two Den- 
ver hotels, the Brown Palace and the 
Cosmopolitan. The convention, which is 
the seventh in the Institute’s history, is 
being held in cooperation with the Uni- 
versity of Colorado. 

Plans include speakers, seminars and 
social events. About 1,000 delegates, 
architects and engineers are expected to 
attend. 


TITANIUM COOLING COIL tn chlori- 
nator tank resists highly corrosive hot 
wet chlorine. Coil controls heat given 
off when chlorine reacts with lime slurry 
in tank to produce calcium hypochlorite 
at Pennsalt Chemicals Corporation’s 
Wyandotte, Mich., plant. Installed in 
1959, the heat exchanger has cut down- 
time and shown no sign of corrosion. 
Build-up on coil from batch washes off 
easily. 
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RIODICALS 


Petrole Informations. (In French) 88 
pages, 814 x 1034 inches. Published by 
Petrole Informations, 15 Rue Dan- 
ielle--Casanova, Paris 1, France. For 
22 issues, countries other than France, 
100 NF. 

Technical, industrial and economic in- 

formation on the petroleum industry in 

France, Europe and the Mediterranean 

conclave. 


Transactions of the Japan Institute of 
Metals. (In English) Vol. 1, No. 1, 
July, 1960. 68 pages, 8% x 113% inches. 
Quarterly. Japan Institute of Metals, 
69 Minamimachi, Sendai, Japan. Sub- 
scriptions, per year, $5. 

The Japan Institute of Metals, recog- 
nizing the language difficulties faced by 
scientists in using the data developed 
by the institute and published in Jap- 
anese in its official journals, is now 
publishing in English, French and Ger- 
man selected articles from the Japanese 
language periodical. 

The first issue, printed on high quality 
coated book paper, includes articles on 
oxidation equilibira of uranium dioxides, 
plastic deformation of aluminum crys- 
tals, concentration of hydrogen ions on 
the Flade potential of nickel, equilib- 
rium between dissolves oxygen in liquid 
iron and the hydrogen-water gas mix- 
tures, and others. 

The magazines also consider contri- 
butions from outside sources for publi- 
cation. Instructions are included on the 
inside back cover of the first issue. 


Current Engineering Practice. (In Eng- 
lish) 38 pages, 814 x 10% inches. The 
East Asiatic Co. (India) Pvt., Ltd. 
3ombay, India. Subscription, per year 
Rs, 25.00. 

Consisting of technical articles in Eng- 
lish on a wide variety of subjects from 
diverse sources. The September, 1960 
issue (Vol. 3, No. 3) includes articles 
by American and British authors, in- 
cludes product-oriented and general 
items of engineering news and a book 
review section. Subject matter includes 
lubrication, epoxies, electronic circuitry 
and others. 


Global Technology. 56 pages, 8% x 11%, 
saddle stitched. Vol. 1, No. 1, April, 
1961. $25 a year. 2-year subscription, 
$40. Trans-World Publishing Co., Eu- 
clid Ave. at East 107th St., Cleveland 
6, Ohio. 

A magazine consisting of several types 

of information: Short abstracts of tech- 

nical articles referred to by descriptive 
phrases, but not referenced as to source; 

a listing of technical translations avail- 

able through Office of Technical Serv- 

ices; summaries of technical articles (in 
this issue from Russian, Japanese, 

Swedish, French, German and other 

sources); original articles (in this issue 

a discussion of the problem of time rela- 

tivity); a summary of information from 

technical exhibitions (German Hanover 
industrial fair). 

Data are derived from surveys of 
2000 technical publications in 35 lan- 
guages and are comprehensive over the 
whole range of industrial activity. 
Photocopies of English translations ar- 
ticles referenced are offered at 75c per 
page. 

The publication also offers to make 
a product search among advertisements 





fe of 
o. 
ches. 
tals, 
Sub- 


-cOg- 
d by 
oped 
Jap- 
now 
Ger- 


nese 


ality 
s on 
ides, 
Crys- 
s on 
uilib- 
quid 
mix- 


ntri- 
ubli- 
| the 


eng- 
The 
Ltd 


year 


<ng- 
‘rom 
1960 
icles 
- in- 
ieral 
00k 
udes 
litry 


1114, 
pril, 
tion, 

Eu- 
land 


ypes 
ech- 
tive 
Irce; 
vail- 
erv- 
; (in 
1ese, 
ther 
ssue 
rela- 
rom 


July, 1961 


in all foreign publications on any speci- 
fied subject, or restrict it to publica- 
tions from specified countries. Photo- 
‘opies of advertisements found are 
provided at a scale related to the 
limensions of the search. A trial search 
wroducing 12 photocopies costs $50. A 
hree-month search with photocopies at 
he end of each month costs $750. 
-hotocopies include translated informa- 
ion as to manufacturer, country, ad- 
lress, performance data and other key 
nformation. 

The publication also offers research, 
ngineering research, foreign market ex- 
lorations and foreign language trans- 
ations. 


-luoro-Rubber Packing 
Resists Liquid Methane 


A fluorinated synthetic rubber packing 
or swing joints used to load _ liquid 
nethane, which is liquefied at —258 F, 
howed no sign of deterioration after 30 
iours of loading. Plastic packings failed 
recause of the low temperature at which 
nethane passed through the swing joints. 

The rubber packing, made of Kel-F 
‘lastomer, was developed by the Chik- 
san Company, Brea, Cal., for test loading 
£ the tanker “Methane Pioneer” at Lake 
charles, La., for shipment to Canvey 
[sland, England, where it will be con- 
verted to gas. 

Depleted gas reserves in Great Britain 
ind Europe have prompted government 
and private gas suppliers to investigate 
the importation of liquid methane. The 
Sahara and ports along the North African 
coast appear to be the primary sources 
of methane. 


Iron-Aluminum Alloy Best 


RECORD AND REPORT 


Kansas State U. to 
Continue ASHRAE’s 


Environment Studies 


The study of man’s reaction to various 
thermal and radiant environments carried 
on by the American Society of Heating, 
Refrigerating and Air-Conditioning En- 
gineers 234 Fifth Avenue, New York, 
N. Y., during the past few years will be 
continued by Kansas State College of 
Agriculture and Applied Science, Man- 
hatten, Kan. 

The $150,000 controlled environment 
room now housed in ASHRAE’s labora- 
tory at Cleveland, Ohio, will be moved to 
the college’s new Environmental Re- 
search Center and operated under a co- 
operatively financed program to aug- 
ment the work now being completed in 
Cleveland. An advisory panel composed 
of members appointed by the society and 
the college will assist the college staff 
in carrying out the program. 

The transfer of the environment room 
to the college is the first major decision 
regarding the research activities of the 
society since it announced in December 
it was increasing grants to colleges and 
private laboratories and closing its 
laboratory. 

The solar calorimeter used for many 
years to study solar heat gain through 
glass and other structural components 
and the influence of shading devices on 
heat gain will also be made available to 
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for High Temperature Corrosion Protection 


SULFUR-BEARING ATMOSPHERES 
HYDROGEN SULFIDE 
SULFUR DIOXIDE 
CARBURIZING ATMOSPHERES 


ALONIZING 


Here’s the answer to your high temperature corrosion problem. ALONizing is NOT a 
surface “coating” but aluminum impregnation with diffusion penetration depths ranging 
from .006” to .035” depending on your job requirements. By alloying with the steel, the 
aluminum becomes an integral part of the base metal and therefore CANNOT peel, chip, 


crack or run off. 
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a university laboratory interested in re- 
search in this field. 

The society reports that without a 
laboratory more committee work will be 
required to generate and monitor the in- 
creased number of projects in cooperative 
institutions and that future research will 
be aligned closely with industry prob- 
lems. 





BRITISH METALLURGIST Bernarr E. 
Hopkins (right) who has been named 
to fill the chair of the new Battelle 
Professor of Metallurgy at Ohio State 
University during the 1961-62 academic 
year is shown in London with Mars G. 
Fontana, ex-president of NACE and 
now chairman of Ohio State’s depart- 
ment of metallurgical engineering, dur- 
ing Fontana’s recent visit to attend the 
International Congress on Corrosion. 





NACE’s 18th Annual Conference and 
1962 Corrosion Show will be held March 
18-22, 1962, at the Municipal Auditorium 
in Kansas City, Mo. 


This duplex structure of base steel and aluminum-rich alloy exterior is your best 
assurance of corrosion and oxidation resistance—even beyond 1600° F. 


Refineries, chemical plants, smelters and steel producers insist on ALONizing for SUPE- 
RIOR, LONG-LASTING PROTECTION at a fraction of the cost of stainless steel. 


TUBES 


ALON precessing, inc. 


. FITTINGS 


BOX 11431 


STRUCTURALS 


PITTSBURGH 38, PENNA. 
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RUBBER HOSE loads pressurized cement ander hot sandblasting conditions into barge from 
storage silo. Flying through hose are limestone, granulated slag and silica at 30 psi and 
often at 200 F as heat generated during manufacture is retained in mix during storage. 
Loading requires flexible hose to move with barge as it sinks during loading. Wire rein- 
forced hose tested failed after two months at the Green Bag Cement Company; Neville 
Island, Pittsburgh, Pa., while Convertapipe rubber hose developed by B. F. Goodrich Com- 
pany, Akron, Ohio, has handled a half-million barrels of cement during past 15 months. 


Plastic Engineers Meeting 
To Highlight Design 


“Plastics Revolutionize Design” is the 
theme of the Society of Plastics Engi- 
neers’ 18th Annual Technical Confer- 
ence to be held at the Penn-Sheraton 
Hotel in Pittsburgh, Pa., January 30 to 
February 2, 1962. 

Highpoint of the conference will be 
a technical paper by Guilio Natta of 
Montecatini in Milan, Italy, entitled 
“Progress in Stereo-Regulated Poly 
mers.” 

Technical areas to be covered by ap- 
proximately one hundred papers include 
new plastics formulations such as poly- 
olefins, urethanes and polystyrenes 
(processing, properties and applications), 
reinforced plastics (uses and new de- 
velopments in testing) and plastics- 
netals combinations. Injection molding 
and extrusion, fast moving blow mold- 
ing and thermo forming, and auxiliary 
plastics processing equipment will also 
be discussed. In addition, special ses- 
sions are scheduled for applications of 
plastics in construction and in space ve- 
hicles and missiles. 


Rocket Fuels Information 


Safety information on the manufacture, 


storage and transportation of rocket 
tuels will be assembled and made avyail- 
able to government agencies and _ their 
contractors by the Manufacturing 
Chemists’ Association, Inc., 1825 Con- 
necticut Avenue, N. W., Washington », 
9. A. 

The newly formed Chemical Propel- 
lant Safety Subcommittee composed of 
representatives of a dozen chemical pro- 
pelleant manufacturers will carry on this 
work under the directions of the General 
Safety Committee. Non-petroleum liquid 
propellants will receive early attention 
by the group. 


Epoxy Repairs Tidegate 

_A leaking tidegate of sewerage system 
of Jersey City, N. J., was repaired with 
epoxy resin in November, 1959. Rubber 


gaskets had failed to withstand water 
pressure, abrasive action of floating 
objects and corrosive chemicals and 
waste materials. 

Inspection a year later revealed the 
epoxy repairs to be leakproof. Epoxy 
resin compound used was Metalset A-4, 
made by Smooth-On Manufacturing 
Company, Jersey City, N. J. 

Designed to regulate pressures caused 
by storm conditions or high tides, Jersey 
City’s tidegate opens into Newark Bay 
to release excess storm water, closes to 
keep tide from entering the system. 


PLASTIC COATED burlap tents limit 
humidity corrosion of mothballed Army 
Ordnance machinery in Louisiana. Sus- 
pended by steel cables inside warehouses, 
they provide localized areas for efficient 
operation of dehumidifying units. Ceil- 
ings and walls are 10-ounce burlap ex- 
trusion coated on both sides with a 4-mil 
film of Tenite polyethylene produced by 
Eastman Chemical Products, Inc., 260 
Madison Avenue, New York 16, N. Y. 
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NASA Sponsors Research 
On Superfluid Helium 


Superfluid helium research is being 
sponsored by the National Aeronautics 
and Space Administration, which has 
awarded Stevens Institute of Tech- 
nology, Hoboken, N. J., a $27,698 grant 
to make study. 

The research will include verification 
of whether four or five million volts of 
electricity speeds up the flow of super- 
fluid helium from one point to another 
and whether the superfluid’s resistance 
to or pressure against other objects 
vanishes when its flow slows to almost 
immeasurable rates. 

Superfluid helium is created by bring- 
ing helium to a temperature two degrees 
above absolute zero. Unlike any other 
material, superfluid helium not only does 
not freeze at any temperature except 
under pressure but transmits heat in 
waves. It is about 1200 times more con- 
ductive than copper. 


Plastic Coated Paperboard 
Has High Resistance 


Paperboard having resistance similar 
to Saran-type plastics to moisture, 
grease, air, gases, odors and many acids, 
alkalies and solvents is available to the 
packaging industry, according to its 
producer, Potlatch Forests, Inc., Lewis- 
ton, Idaho., which also plans to produce 
high barrier paper. 

First uses for the paperboard are ex- 
pected to be for bakery boxes, meat 
trays, picnic plates and cups. 

Future packaging applications range 
from cookies to chemicals, from mus- 
tard to motor oils and from frozen foods 
to photographic film, Potlatch believes. 

Called Daran, the coating is derived 
from a new  polyvinyiidene chloride 
emulsion developed by Dewey and 
Almy Chemical Division, W. R. Grace 
& Co., Lexington, Mass. 


Catalog of Microcard Publications, 
1961-62. 32 pages, 6x9 inches, paper. 
May 1961. Microcard Editions, Inc., 
901 Twenty-Sixth St. N.W., Wash- 
ington 7, D.C. FREE. 

A list of the reprint material available 

on Microcards with the prices for cards. 


List of Publications, April 1961. 62 
pages plus Order Form Cover. Amer- 
ican Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 
FREE. 

A comprehensive list of all ASTM 

standards collected and individual, to- 

gether with prices and all necessary in- 
formation for ordering copies. There is 
an alphabetical subject index. 


Embrittlement by Liquid Metals. By 
William Rostoker, Joseph M. Mc- 
Caughey and Harold Markus. No- 
vember 18, 1960. Reinhold Publishing 
Corp., 430 Park Ave., New York 22, 
N.Y. Per copy, $7.95. 

An account of work done under spon- 

sorship of the Chief of Ordnance, De- 

partment of the Army. The phenomena 
are described in an integrated and logi- 
cal way, then the contemporary state 


(Continued on Page 38) 
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now... 

stop corrosion in 
LPG pipelines 
with Unicor LHS" 


An ideal corrosion inhibitor for use in LPG 
product pipelines, Unicor LHS is soluble in 
all hydrocarbon liquids. It stays with the 
product and gives continuing protection even 
to the point of safeguarding your customer’s 
equipment. 

A film-forming additive, Unicor LHS pref- 
erentially wets all metallic surfaces it con- 
tacts forming a protective shield. Its 
detergency action keeps troublesome deposits 
from forming. 

Highly corrosive salt brine from under- 
ground storage of Cs and Cy hydrocarbons 
causes extensive damage to pipelines and 
adds contaminants to the products as well. 
Unicor LHS protects both equipment and 
product from this salt-brine corrosion as 
well as corrosion from oxygen and water 
in above-ground storage. Wherever light 
hydrocarbon products are stored, trans- 
ported or used, Unicor LHS protects against 
corrosion... keeps equipment free of deposits. 

Get the facts today. Write or telephone 
our Products Department for full informa- 
tion and samples. 


UNIVERSAL OIL 
PRODUCTS COMPANY 


30 Algonquin Road, Des Plaines, 
Iinois, U.S.A. 


@® WHERE RESEARCH TODAY 
MEANS PROGRESS TOMORROW 


INC LAS 
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BOOK NEWS 


(Continued From Page 36) 
mechanisnis 
Experimental 


of understanding on the 
of fracture is reviewed. 
work is included. 
Contents include: Literature review, 
occurrence of liquid metal embrittle- 
ment, crack propagation, factors influ- 
encing embrittlement by liquid metals, 
delayed failure by liquid metal embrit- 
tlement, theory of the fracture of metals 


POSITIONS WANTED 
AND AVAILABLE 


Active and Junior NACE members and com- 
panies seeking salaried employees may run 
two consecutive advertisements annually 
without charge under this heading, not over 
35 words set in 8 point type. Advertisements 
to other specifications will be charged for 
at $12.50 a column inch. 


Positions Wanted 


Engineer B. Sc., Chemical Engineering, Age 35, 
experienced oilfield and pipeline corrosion in- 
cluding internal coatings and management. De- 
sires corrosion control position with Oil, Gas 
or Pipeline Company at responsible level. Will 
relocate. CORROSION, Box 61 - 13 


Manufacturer’s Representative 


MANUFACTURER’S REPRESENTATIVES to handle 
fiberglass reinforced polyester ductwork, stacks, 
hoods, and tanks. Please indicate companies 
and products now represented as well as type 
of industries being called upon in first letter. 
CORROSION, Box 61-15. 


Positions Available 


WANTED: Manager capable of handling $250,- 
000.00 and up contract-applicator business. 
Excellent Great Lakes heavy industry. Facilities 
and 15 years proven customer record, Will con- 
sider option to sell part interest to qualified 
CORROSION, Box 61-14. 


person. 


llied 
hemical 


CORROSION 
CHEMIST 


Immediate career opportunity for an experienced 
corrosion chemist to take charge of a laboratory 
investigs ating corrosion problems in the fields of or- 
ganic and inorganic chemistry. Position involves 
scar ard corrosion research, laboratory corrosion 
studies and supervision of one or two persons. 
M.S. or Ph.D. degree in chemistry or engineering 
and three years or more experience required, 
Modern research facilities located near Finger 
Lakes and Adirondack recreational areas of New 
York State. Liberal employee benefits. 
Please send detailed resume, 
quirements, in confidence to 


including salary re- 


Director of Research 

SOLVAY PROCESS DIVISION 
Allied Chemical Corporation 
Syracuse 1, New York 


and mechanism of liquid metal embrit- 
tlement. 

There is a brief subject index. Each 
section is thoroughly referenced and 
the book is liberally illustrated with ap- 
propriate diagrams and photographs. 


Boilers: Types, Characteristics and 
Functions. By Carl D. Shields. Feb. 
23, 1961. 559 pages, 674x10 inches, 
full cloth. F. W. Dodge Corp., 119 
W. 40th St., New York 18, N. Y. Per 
copy $15. 

A comprehensive book on boiler tech- 
nology covering most of the practical 
aspects of the subject. At least 45 ref- 
erences are found in the alphabetical 
subject index keyed to “corrosion,” and 
other references are to related phe- 
nomena. 

It is organized into 
six major sections. The sections are: 
Classification, design, steam generating 
equipment, construction, regulation, 
status. For example, in the section on 
construction, sub-headings are: steel 
boiler manufacture, erection, settings, 
firing oqupaeent and auxiliaries. 

The 22-page index permits easy ac- 
cess to the information which is cast 
for the practical operator. The book 
has hundreds of photographs and dia- 
grams related to the data in the text. 


32 chapters in 


“Penetration of Plant Roots in Pipe 
Line ,Coatings based on Asphalt Bitu- 
men” and “Glass Felt as a Coating 
for Steel Pipe. Jan., 1961. (In Dutch). 
7 pages 8 x 11% inches. Netherlands 
Institute of Metals, Corrosion Com- 
mittee. Postoffice Box 52, Delft, Hol- 
land. Per copy, F, 2.50. 

English abstract of the first article in- 

dicate examination shows bitumen pipe 

line coatings are penetrated by roots, 


PER 
COPY 
U.S., CANADA 
and MEXICO 


Add 65¢ per package to the 
prices given above for Book 
Post Registry to all addresses 
outside the United States, 
Canada and Mexico. 
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and measures of combating them are 
described. Numerous tabulated data are 
given in the second article. 


Conversion Factors and Tables, Third 
Edition. By O. T. Zimmerman and 
Irvin Lavine. 680 pages, 4%x6 
inches, Flexible binding. 1961. Indus- 
trial Research Service, Masonic Bldg., 
Dover, N. H. Per copy, $7.50 (out- 
side U.S. $8.25). 

Over 15,000 conversion factors and 132 

pages of conversion tables based on 

latest and most accurate data. English 
and metric units, and factors for con- 

version of weights and measures in 95 

foreign countries. There is an alpha- 

betical subject index. 


Technical Topics 
Included in Index 


Technical Topics will be included 
in CORROSION’s annual index 
published in the December issue. 
The Topics will be cross-refer- 
enced in the alphabetical subject 
and author index. 

Persons who customarily ex- 
tract Technical Section pages 
from each issue for binding are 
reminded that the Technical 
Topics pages should be extracted 
also for a more complete refer- 
ence to technical information 
published in CORROSION. 


Proceedings 


SHORT COURSE 


PROCESS INDUSTRY 
CORROSION 


Twenty-two papers presented Sept. 
12-16 at the symposium sponsored 
jointly by Ohio State University 
and NACE Technical Group Com- 
mittee T-5 on Corrosion Problems 
in the Process Industries. The 
450-page book measures 8% x 11 
inches, has a plastic back, flat 
opening. Many tables, graphs and 
illustrations; hundreds of refer- 
ences. 


$20 NACE Members 


$25 Non-Members 


These papers are by engineers concerned with controlling corrosion in some of 
the nation’s largest chemical processing plants. Considered are use of metal and 
plastic materials in a wide variety of environments, including most of the com- 
mon acids and alkalis; special problems found in both low and high tempera- 
ture processes, corrosion measurements, coatings, design and other practical 


information. 


Send Orders and Remittances to 


National Association of Corrosion Engineers 


1061 M & M Bldg. 


Houston 2 Texas 
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Jorrosion control positive: 








FEDERATED GALVANIC ANODES 






and other non-ferrous protective materials 








Federated galvanic anodes, specially designed to protect pipe- 
lines and other buried structures, are just one of the wide range 
of Federated materials to control corrosion. Federated’s Corro- 
sion Advisory Service can recommend the best for you . . . mag- 
nesium or zinc anodes; lead sheet, pipe, and fittings; zinc and 
zinc alloys for galvanizing; copper and aluminum alloys; and 
plating materials that include nickel, copper, lead, cadmium, zinc 
' and silver anodes, nickel salts and addition agents for plating 
baths. For complete data, write or call—Federated Metals Divi- 
sion, American Smelting and Refining Company, 120 Broadway, 








DERATED METALS DIVISION 





FE 


New York 5, N. Y. or a nearby Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


) 3ALTIMORE, MARYLAND 
Irieans 5-2400 


() 3IRMINGHAM, ALA. 
“airfax 2-1802 


30STON 16, MASS. 
iberty 2-0797 


SHICAGO, ILL. (WHITING) 
shicago: Essex 5-5000 
Vhiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 


HOUSTON 29, TEXAS 
Orchard 4-7611 


gone 





LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 


PHILADELPHIA 3, PENNA. 


Locust 7-5129 


PITTSBURGH 24, PENNA. 
Museum 2-2410 


ANVdGWOD ONINISASY ONY ONILISWS NVOINAWNY 





PORTLAND 9, OREGON 
Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Locust 5250 


ST. LOUIS, MISSOURI 
Jackson 4-4040 


SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 











Equipment 


Services 





Aluminum 





Aluminum tubes are being used as con- 
tainers for uranium oxide fuel pellets 
as part of the U. S. Atomic Energy 
Commission’s program to develop eco- 
nomical organic cooled reactors. The 
tubes, fabricated fromm powder using the 
impact extrusion process, provide 
strength (up to 900 F), high termal 
conductivity, low neutron absorption 
and resist corrosion of organic coolants. 
Terphenyl, a carbon-hydrogen com- 
pound, flows over the exterior of the 
tubes and acts as moderator to control 
the atomic fision process in the fuel 
pellets in the tubes, helping to sustain 
the chain reaction. The tubes are pro- 
duced by Alcoa Aluminum Company 
of America, 1501 Alcoa Building, Pitts- 
burgh 19, Pa. 
* 

Collodial alumina capable of acting as 
an emulsifier and a thickening, dispers- 
ing and suspending agent in both water 
and water-alcohol systems has been de- 
veloped by E. I. du Pont de Nemours 
and Company, Inc., Wilmington 98, Del. 
Called Baymal, it is a white, free flow- 
ing powder composed of clusters of 
minute fibrils of boehmite alumina, Dis- 
persed in water, the fibrils assume a 
positive charge and when dried, inter- 
lace to form a positive charge film; 


Advanced Coatings 
for 


Advanced Projects 


ZINC SHIELD 


Ferrous surfaces too large or critical 
for ordinary galvanizing techniques 
can be zinc-clad with this metallic 
zinc-copolymer coating for cathodic 
protection against filiform corrosion 

. a recent application being 

AN/FPS-35 Search Radar Antenna. 

A unique coating with... 

Serviceable Temperature Range — up 
to 400°F (somewhat higher for 
intermittent periods) 

Zinc Deposit—% oz. zinc metal/sq./- 
ft./coat (at 1200 sq. ft. gal. appli- 
cation rate) 

Universal Application — applied with 
equal facility at any stage of 
component fabrication or assem- 
bly. 


Write for Bulletin P-16A with full specifica- 
tions. 


2S ee ee ee ee ee eS ee Se ee ee ee ee ee ee oe 


THE WILBUR & WILLIAMS CO., INC. 
752 Pleasant St., Norwood, Mass. 
CREATORS OF ADVANCED COATINGS FOR INDUSTRY 
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NEW PRODUCTS 


this process permits the film to affix 
itself to negative surfaces such as glass, 
paper and clay. Other properties of 
Baymal include high surface area and 
low toxicity. Also Du Pont claims it to 
be the most thixotropic material known 
to them. 
% 

Hard anodized coatings for imparting 
wear resistance to aluminum alloys are 
covered in a seven-page engineering re- 
port released by Allen Aircraft Prod- 
ucts, Ravenna, Ohio. Report details 
physical properties and results of com- 
plete hardness studies and illustrates the 
effect of coating on part dimensions. 
Specific cost figures are given. 





Cleaners 





Dry, granular acid, easily transported 
and stored, for use in dissolving cal- 
cium carbonate and other acid soluble 
materials, including silicates and mud 
cakes, is described in a product data 
sheet from Dowell Division of Dow 
Chemical Company, Box 536, Tulsa, 
Okla. Called Instant Acid, it is pack- 
aged in 50-pound cartons. The mixing 
ratio is one pound per gallon of water. 
e 

A concentrated liquid detergent which 
removes grease and dirt from evapora- 
tor coils, air cooled condenser coils, 
metal air filters and fans is marketed 
by Calgon Company, Hagan Center, 
Pittsburgh 30, Pa., as CalClean. The 
company also markets a 3% gallon 
sprayer with a hand operated air pump 
and an adjustable spray nozzle, a 20- 
inch brass extension tube and 10 feet 
of hose. The detergent, which is mixed 
with water, is recommended by Calgon 
for painted and enameled equipment and 
for most metal, cement, glass, tile or 
linoleum surfaces. 





Coatings, Inorganic 





Zinc-filled ready-mixed coatings for 
structural steel, tanks, dam gates and 
other on-shore, off-shore installations 
are manufactured by Truscon Labora- 


| i 





Make SEA WATER 


ml Ahh tot td 


SEA RITE SALT 


for CORROSION STUDIES 


4% oz. Sea Rite Salt crystals in 
one gallon tap water produces lab- 
oratory sea water quickly, inexpen- 
sively. Provides uniform, constant 
results based on 77 composite an- 
alysis. Immediate delivery — any 
quantity. Technical literature on 
request. Write, wire, phone now! 




















LAKE PRODUCTS CO., Inc. 
SU ee ee 












Materials 
Literature 





tories, 1700 Caniff, Detroit 11, Mich 
Called Chem-Zinc, it self cures, accord- 
ing to the manufacturer, has unlimited 
storage life and is resistant to rain 
splash, turbulence and immersion ir 
fresh or salt water minutes after appli- 
cation. 
® 

Galvanic principles of inorganic zinc 
protection in immersion and non-im- 
mersion service are described in a 
bulletin available from the Carboline 
Company, 32 Hanley Industrial Court, 
St. Louis 17, Mo. 





Coatings, Metallic 





A zinc-magnesium alloy (97 Zn 3 Mg) 
for hot dip galvanizing of steel is being 
marketed by Eagle-Picher Company, 
American Building, Cincinnati 1, Ohio. 
Six-year evaluation tests at Dow Chem- 
ical Company’s Electrochemical Re- 
search Metal Cleaning Department in 
Freeport, Texas, indicate 20 to 90 per- 
cent improvement in corrosion resist- 
ance when magnesium is present in 
amounts of 0.04 to 0.05 percent by 
weight. 
e 


Hard, pore free platinum deposits above 
0.0001 inch can be plated with Technic 
Platinum T. P., according to Technic, 
Inc., Box 965, Providence, R. I., which 
says porosity is also negligible for de- 
posits 0.000050-inch thick. Plated from 
an acid bath at low temperature, the 
new coating eliminates gassing at the 
cathode and possibility of gas pitting. 
Hardness of the deposit is 450 Vickers. 
Also, Rhenium A plating salts for ex- 
perimental and high temperature appli- 
cations such as contacts and sealed re- 
lays have been developed by Technic, 
Inc., Technic reports rhenium has the 
highest melting point (5732F) and is 
second most dense (20.53) of the plat- 
able metals. 
a 


American Zinc Institute’s “Inspection 
Manual for Hot Dip Galvanized Prod- 
ucts” is available to Canadians from 
the Consolidated Mining and Smelting 
Company of Canada, Ltd., Box 1030 
Place D’Armes, Montreal 1, Canada. 
Hot dip galvanizing as a protective fin- 
ish for fixtures and fittings for build- 
ings is discussed in booklet entitled 
“Hot Dip Galvanizing for Builders” 
available from the Hot Dip Galvanizers 
Association, 34 Berkeley Square, Lon- 
don W. 1., England. 





Coatings, Organic 





Application costs can be cut 30 to 50 
percent by a new airless spray vinyl 
top coating. Tygon AV Series coatings 
can be built to any reasonable mil thick- 
ness with one coat, according to the 
manufacturer, the Coatings and Lining 
Division of The U. S. Stoneware Com- 
pany, Akron, Ohio. The AV Series also 
has the basic corrosion resistant prop- 
erties of conventional Tygon top coats, 
in that they dry to films free of pin 
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holes, have longer shelf life and im- 
proved chemical resistance. 

3 
Preparation and application of vinyl so- 
lution resins for coating metal, wood, 
paper, fiberboard and rubber is dis- 
cussed in a 24-page bulletin available 
from B. F. Goodrich Chemical Com- 
pany, 3135 Euclid Avenue, Cleveland 
15, Ohio. Included is a listing of the 
phy sical properties of BFG Geon resins 
suitable for solution coatings. 

2 
\ new synthetic latex air dry metal 
yrimer for automobile bodies and other 
netal surfaces is reported to possess 
xcellent resistance to water and _ salt 
pray by its developer, Chemical Divi- 
ion, Goodyear Tire & Rubber Com- 
any, 1144 East Market, Akron 16, 
Yhio. Called Pliolite Resin Latex 481-X, 
he resinous, modified styrene-butadiene 
atex primer can be applied by brush, 
lip or spray and can be top coated with 
egular air dry or baked enamel fin- 
shes. Excellent adhesion to steel before 
nd after water immersion and good 
helf aging of pigmented primers is 
claimed. 


Metals, Exotic 


Columbium and columbium alloy sheet, 
strip, plate, bars and tubes are being 
produced commercially at Du Pont’s 
new Metals Center at Baltimore, Md. 
Also the plant is designed to fabricat- 
ing tantalum, tungsten and molybdenum 
in the future. 
° 

Sintered titanium alloy is now available 
from the Mechanical Research Division 
of Clevite Corporation, 540 East 105th 
Street, Cleveland 8, Ohio. Designated 
CPT-64AV, the alloy has tensile 
strength of 119,000 psi, ductility of 6 
percent, elongation and hardness of 
Rockwell C 23. Strengths -to 146,000 psi 
by heat treatment are claimed. 


Metals, Non-Ferrous 


Antimony, arsenic, bismuth, cadmium, 
gold, indium, selenium, silver and tellu- 
rium are being produced commercially 
by American Smelting and Refining 
Company, 120 Broadway, New York 5, 
N. Y., to meet the increasing demand 
for these metals by the electronics in- 
dustry. 
e 

Chromel-AA, a new 80-20 nickel-chro- 
mium alloy developed for use as heat- 
ing elements and mechanical parts in 
controlled atmosphere furnaces is de- 
scribed in a bulletin available from Hos- 
kins Manufacturing Company, 4445 
Lawton Avenue, Detroit 8, Mich. 


Non-Metallic 


An anchoring compound that mixes 
with water and expands as it hardens 
to a rock like consistency within 20 
minutes is marketed as Quik-Rok by 
Preco Chemical Corporation, Westbury, 
L. I. First used by apartment house 
builders to secure terrace rail posts in 
concrete, it also is used to secure light 
posts in New York City, to anchor 
heavy posts and machinery and to fill 
holes created in factory floors by heavy 
equipment. 


RECORD AND REPORT 


Booklet entitled “The Design and Speci- 
fication .of Watertight Concrete” is 
available from The Master Builders 
Company, 2490 Lee Boulevard, Cleve- 
land 18, Ohio. 
e 

Repairing and resurfacing wooden and 
concrete industrial floors, concrete, 
stone, brick, cement and cinder block 
walls is possible with a new latex modi- 
fied concrete being marketed as Tuff- 
patch Hi Test by Shield Chemical Cor- 
poration, 251 Grove Avenue, Verona, 
N. J. Manufacturer claims its tenacious 
bond to steel makes it ideal as grout 
for machinery. 


Pipe 


Zirconium, titanium, columbium, tanta- 
lum and other special metal tubing for 
heat exchangers and piping for the 
chemical industry will be produced at 
the Niles, Ohio, plant of Reactive 
metals, Inc., which has purchased most 
of the tube mill facilities from Bridge- 
port Brass Company. Key personnel of 
the special metals tube mill have trans- 
ferred from Bridgeport Brass to Reac- 
tive Metals. 
2 
X-Tru-Coat pipe coatings, an extruded 
polyethylene system developed by Re- 
public Steel Corporation in 1958, are 
offered by both Standard Pipeprotec- 
tion, Inc.’s new plant at Alton, IIL, and 
Pipe Line Service Corporation’s North 
Lima, Ohio plant. 
3 


Fiberglass reinforced plastic pressure 
pipe capable of withstanding pressures 
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to 100 psi at temperatures to 250 F is 
available from The Ceilcote Company, 
4874 Ridge Road, Cleveland 9, Ohio. 
The pipe, called ‘the Duracor ‘line, is 
available in 10 and 20-foot lengths of 
either fiberglass mat or cloth construc- 
tion. Wall thicknesses range from %4 
to % inch depending on pressure and 
temperature requirements. Duracor pipe 
fittings, including elbows, U-bends, T- 
joints and other connections, are also 
available. 


Plastics 


Threaded elastic polyethylene caps and 
plugs which protect machine screw 
threads, pipe threads and tubing during 
shipping, storage and construction op- 
erations are manufactured by S. S. 
White Industrial Division, 10 East 40th 
Street, New York 16, N. Y. The elastic 
protectors fit parts % to 2% inch in 
diameters ID or OD and have good 
resistance to acids, alkalies, caustics, 
petroleum based products and most 
common solvents. Temperature stabil- 
ity is —95 to 175 F. 
o 

A 50-foot self supporting reinforced 
plastic fume stack exhausts hot corro- 
sive acid fumes from a metal ore refin- 
ing operation. Built by du Verre, In- 
corporated, Box 37, Arcade, N. Y., the 
stack is fiberglass reinforced Hetro 
resin produced by Durez Plastics Divi- 
sion of Hooker Chemical Corporation, 
North Tonawanda, N. Y. The 5-foot 
diameter tank can handle over 70,000 
cfm of exhaust fumes and withstand 


(Continued on Page 43) 


oinpewa “NO-WRAP”’ 


TEST THESE 
AMAZING 
WKY eS 


FREE 


on your own 
ferrous 
metal parts 


iNT 
CORROSION 
PROBLEMS 
FOREVER! 


NO SIGN OF RUST 
or Corrosion After 
26 Months Under 
Actual Conditions! 


CORROSION i 


Ideal for 
“See-Thru” 
Packaging ... 
Boxes, Bags, 
Pouches, Tubes 


The sure way ... the easy way ... the eco- 
nomical way to stop rust and corrosion on 
all ferrous metal parts! Unique “NO- 
WRAP” Discs, impregnated with special 
Volatile Corrosion Inhibitor, replace and 
actually out-perform costly, complicated 
wraps or coatings. Used by leading manu- 
facturers, airlines, etc. for parts protection 
and storage. 

@ Light-weight — non-toxic 

@ No powdering or flaking 

® No oily, greasy coatings 

to apply or clean off 


FREE TEST SAMPLES! and Complete Information 
WRITE TODAY 


Chineciva me a ee 


2425 South Rockwell 


} Mee Teak ede 
Eastern Plant: So. Hackensack, N. J. 
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From TLC Research... 


TWO NEW PRODUCTS 
TO RESIST CORROSION 


Two more products have joined the growing line-up 
of new products and processing techniques developed 
by Tubular Lining Corporation’s Research Labora- 
tory. TLC-44 and TLC-77 have been developed to 
offset salt water disposal and high temperature corro- 
sive conditions. 


Here are the product specifications developed by 
TLC Research: 

TLC-44; This is a phenolic resin especially designed 
to give extreme film flexibility and good resistance 
to salt water disposal conditions. It is a baked-on 
multiple film, high-build lining of 6-8 mils. Recom- 
mended temperature limitation is 200° F. 


TLC-77: This is a special lining designed for elevated 
temperature conditions found in deep oil and gas wells. 
TLC-77 is baked on in multiple layers to 412-5 mils. 





It has excellent chemical resistance with good rigid 
film integrity. Recommended temperature limitations 
are 350° to 400° F. 


New product development is next to quality production 
in importance at TLC. During the past three years, 
TLC’s Research Department has developed four new 
lining products for oil field tubing, the “AUTO- 
TRONICS” and “THERMO-PICKLED” processing 
methods, and four new testing methods to provide 
quality linings that do not fail. 


NE W. . » For more information 
_} about quality control, write for your 
@ free copy of THE STORY OF 
oe 2 QUALITY CONTROL, an eight page 

= «@ description of how Tubular Lining 
produces a quality product. 


—az<x TUBULAR LINING CORPORATION 


MAIN OFFICE: PRUDENTIAL BUILDING 


P.O. BOX 20015 


TRADE MARK 


HOUSTON 25, TEXAS 
JAckson 3-7013 
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winds up to 100 mph, du Verre says. 
While only % inch thick at the top, 
the shell is of tapered construction and 
rests upon a base flange over 2 inches 
thick. 
® 
Closed-cell elastomeric sponge with 
good resistance to chemicals, acids and 
fuels and with high dielectric strength 
is produced by Industrial Electronic 
Rubber Company, Solon, Ohio. Possible 
applications are gaskets, seals and plugs 
where resistance to grease, oil and com- 
mercial gasoline is required, gaskets and 
seals in presence of perchloroethylene, 
vibration dampening and insulation. The 
elastomer compares in hardness to a 
very soft rubber with a 20 durometer 
(Shore A) rating but retains the inert 
characteristics of Fluorel 2141  Elas- 
tomer from which it is molded. Sponge 
comes in sheets up to a half-inch thick 
and nine-inches square in various pastel 
colors. 
® 


Fluoro elastomeric tubing, hose and 
press polished sheets resistant to many 
corrosive chemicals, fuels and lubricants 
are marketed by U. S. Stoneware Com- 
pany, Akron 9, Ohio. Die cut and 
clicked gaskets are also available. 
Fluoro elastomer used for the tubing is 
designated Fluran F-5000 and is re- 
ported by manufacturer to have oper- 
ating temperatures to 400 F in continu- 
ous service and to 600 F in intermittent 
service and a brittle point near —40 F. 
The material can be supplied in hard- 
nesses from 60 to 95 durometer (Shore 
A scale). At room temperature, tensile 
strength ranges 2000 to 3000 psi and 
ultimate elongation from 100 to 400 
percent. 
* 


New market development prices for the 
polyethylbenzenes pseudocumene and 
durene have been established by Enjay 
Chemical Company (a division of Hum- 
ble Oil & Refining Company), 15 West 
5lst Street, New York 19, N. Y. 
Pseudocumene (1, 2, 4-trimethylben- 
zene) in carload drum quantities will 
sell for 13 cents per pound and in less- 
than-carload drum quantities for 14% 
cents per pound. Durene (1,2,4,5-tet- 
ramethylbenzene) is available in less- 
than-carload drum quantities at 49 cents 
per pound. 
® 


High temperature resistance fiber (poly- 
amide) will be produced at pilot plant 
being constructed at Richmond, Va., 
by E. I. du Pont de Nemours and Com- 
pany, Inc., Wilmington 98, Del. Main 
uses of the fiber, designated HT-1, will 
include electrical insulation, filtration of 
hot gases, special duty belting and rein- 
forcement of high temperature hose. 
Completion of the plant is scheduled 
for late 1962. 


Tanks 


A 1,000-gallon glass reinforced poly- 
ester tank featuring resistance to a wide 
range of corrosive liquids sells for 
$1,000 from Justin Enterprises, Inc., 
3755 Edwards Road, Cincinnati 9, Ohio. 
3isphenol-A polyester forms inner sur- 
face of the tank. Manufacturer claims 


RECORD AND REPORT 


tests, copies of which are available on 
request from manufacturer, have shown 
that the bisphenol-A polyester is more 
resistant to prolonged contact with most 
acids, alkalies and bleaches at elevated 
temperatures than general purpose or 
other polyesters. The translucent tank 
is 10 feet long, 50 inches in diameter 
and has a wall section of % inch; it 
weighs 300 pounds. Other tanks with 
capacities of 50 to 10,000 gallons are 
also available. 
e 


Bulk storage of specially denatured al- 
cohol and proprietary solvents is de- 
scribed in a guide available from the 
Technical Literature Department of 
U. S. Industrial Chemical Company, 99 
Park Avenue, New York 16, N. Y. The 
guide covers government regulations, 
suggested tank design including size 
and location measuring devices and 
auxiliary equipment such as pumps, pipe 
and fittings, valves, electrical ground 
procedures and vents. Illustrated are 
typical above and below ground stor- 
age tanks, gauging well and methods 
of anchoring underground tariks. 
8 


A new liquid processing or storage tank 
for acids and other corrosives has a 
chemical resistant seamless plastic inner 
shell and an aluminum outer shell. 
Called the Duo-Guard tank, it is 24% 
inches long and has an inside diameter 
of 7 inches and a capacity of 0.5 cubic 
feet. Bursting strength is 500 psi. The 
seamless plastic inner tank is available 
in either Kraylastic B with a working 
temperature to 185 F or Kraylastic 
HTHT with a working temperature to 
225 F. It is marketed by the Bruner 
Corporation (a division of Hagan 
Chemicals & Controls, Inc.), 4767 North 
32nd Street, Wilwaukee 9, Wis. 


Testing 


A simplified iron test unit for deter- 
mining the presence and amount of iron 
in water is described in a bulletin from 
Hagan Chemicals & Controls, Inc., 
Hagan Center, Pittsburgh 30, Pa. Iron 
test unit KOO82 involves the addition 
of two reagents to the water sample 
and comparison with color slides con- 
taining nine standards in sealed glass 
vials representing iron concentrations 
from zero to 1 ppm. 

a 


The Beckman DB Ultraviolet Spectro- 
photometer for precise qualitative and 
quantitative analyses of medical, indus- 
trial and clinical samples is described 
in a bulletin published by the Scientific 
and Process Instruments Division of 
3eckman Instruments, Inc., Fullerton, 
Cal. It may be used as a direct read- 
ing instrument or with a recorder as a 
ratio recording system. 
° 


A transistorized direct reading conduc- 
tivity meter which monitors the solids 
contents of liquids is marketed by Com- 
roe Laboratories, Inc., 5208 South Lake 
Park Avenue, Chicago 15, Ill. The 
Autotherm, with its printed and transis- 
torized circuit, weighs only two pounds 
and operates on an ordinary 9 volt 
transistor radio battery. It automatically 
compensates for liquid temperatures 
from 32 to 212 F. 
* 


A four-cubic foot temperature-humidity 
cabinet for controlled environmental 
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testing of chemicals, electronic compo- 
nents, paints, plastics, packaging and 
protective coatings is described in a 
bulletin available from the Hydson Bay 
Company, 3070 West Grand Avenue, 
Chicago 22, Ill. The Environ-Cab pro- 
vides a temperature range of 0 to 200 
F with a control tolerance of plus or 
minum 2 degrees and a humidity range 
of 20 to 95 percent with plus or minus 
5 percent accuracy. 


Miscellaneous 


A 68-page booklet entitled “This is 
Glass,” which reviews history of glass, 
details types of glass and previews fu- 
ture uses of glass and glass-ceramics, is 
available from Corning Glass Works, 
Corning, N. Y. Included are a two-page 
chart giving properties of selected 
glasses and glass-ceramics and a section 
on Pyroceram, Corning’s new glass-ce- 
ramic materials. 

a 


An eight-page illustrated engineering 
guide (Bulletin S-5425) on carbon- 
graphite materials for mechanical appli- 
cations is available from National Car- 
bon Company, Division of Union Car- 
bide Corporation, 270 Park Ave., New 
York 17, N. Y. Includes discussions on 
high elastic modulus, impermeability, 
maintained flatness, chemical resistance, 
thermal conductivity, low friction and 
wear. Grade recommendations are given 
for seals and sliding surfaces of various 
liquids and gases at operating tempera- 
tures in the cryogenic range and above 
500 F. Properties of National’s 18 grades 
of carbon, graphite and carbon-graphite 
are given. 


NYLON 
BUSHINGS 


Designed for Cathodic Protection use. 
Outstanding dimensional stability: 
Molded hex hed equivalent to stand- 
ard steel; black color for improved 
weathering resistance. 


Maximum operating conditions: 
TEMPERATURE 


PRESSURE ........1000 psi 


SIZES AVAILABLE; 1/2 thru 2-inch 


DISTRIBUTING COMPANY 
Box 762 SHAWNEE, OKLAHOMA 


Prices and Literature on Request 















CATHODIC 


PROTECTION 
trae ot 


NEW “CYCLOPS EYE" 
Full 4 inch Meter Scale 


... another first for Good-All... 
pioneer and leader in the field of 
cathodic protection rectifiers. The 
“Cyclops” Meter is now Standard 
on The Good-All Line. 


Features 


1 Full 4 inch easy reading scale 
reduces checking time and in- 
sures accuracy. 


2 Cyclops indicates both Amps 
and Volts so only one meter is 
needed. Replacement costs are 
cut in half. 


3 Cyclops switching circuit sin- 
gle-switch operation provides 
lightning damage protection 
and accurate readings. 


4 Weston Meters optional at 
slight additional charge. 































































































































































































































































Good-All.. The Complete Line 


CUSTOM AIR for Deluxe Quality 
CUSTOM OIL for Extreme Environments 
TYPE-N .. . Small Size 

GEMCO . . . Budget Priced 

ADD-A-STACK for Adaptability 
AMP-0-MATIC .. . Self Adjusting 


See the Good-All Representative in your area. 
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NACE Member Frank E. Stetler has re- 
tired from the Wisconsin Telephone 
Company, 722 North Broadway, Mil- 
waukee, Wis. 


@ 

Hugh B. Allison and Joseph S. Hawes 
have been elected to the board of direc- 
tors of Chemical Products Corporation, 
East Providence, R. I 

s 
Earle B. Barnes has been named general 
manager and David L. Rooke assistant 
to the vice president of Dow Chemical 
Company’s Texas Division, Freeport, 
Texas. 

e ‘ 
C. Edward Bellew has been appointed 
manager of the Manufacturing Division 
of Garlock, Inc., Palmyra, N. Y. 

® 


Ralph H. Bescher has been named as- 
sistant vice president of the Wood Pre- 
serving Division of Koppers Company, 
Inc., Koppers Bldg., Pittsburgh 19, Pa. 

@ 


James E. Blue has been appointed man- 
ager of sales development of Truscon 
Laboratories, a division of Devoe & Ray- 
nolds Company, 1700 Caniff, Detroit 11, 
Mich. 

2 
John B. Hardy, Jr., has been named sales 
engineer of South Atlantic coastal states 
by Steele & Associates, Inc., 1405 Dutch 
Valley Place, N. E., Atlanta, Ga. 

© 
A. F. Chouinard, director of research 
and development, National Cylinder Gas 
Company, has been elected president of 
the American Welding Society, 33 West 
39th Street, New York 18, N. Y. 


@ 
NACE Member Edward A. Roman has 
joined the Tape Division of Plymouth 
Rubber Company, Inc., Canton, Mass., 
as manager of the Pipe Protection De- 
partment. 


e 
Robert W. Van Houten, president of 
Newark College of Engineering, New- 
ark, N. J., has been elected president of 
the American Society for Engineering 
Education. 

& 
J. H. Westbrook of the General Electric 
Research Laboratory at Schenectady, 
N. Y., has been selected by the Electro- 
chemical Society to visit research insti- 
tutions in the Soviet Union as part of an 
exchange agreement between the U. S. 
and the U. S. S. R. 

e 
Lorenz H. Wilson has been named direc- 
tor of the Customer Technical Services 
Department of Sharon Steel Corporation, 
Sharon, Pa. 

8 
The Metallurgical Society of the Ameri- 
can Institute of Mining, Metallurgical 
and Petroleum Engineers has installed 
three new division chairmen. The Ex- 
tractive Metallurgy Division is headed 
by Richard C. Cole, executive vice presi- 
dent and general manager of White Pine 
Copper Company, a subsidiary of Copper 
Range Company, Boston, Mass. J. Harry 
Jackson, manager of Battelle Memorial 
Institute’s Department of Metallurgy, 
Columbus, Ohio, is chairman of the 
Metals Division. Gerhard Derge, Jones 
and Laughlin Professor of Metallurgy at 





Carnegie Institute of Technology, Pitts- 
burgh, Pa., heads the Iron and Steel Di- 
vision. 

& 
Robert C. Crowe has been named sales 
manager of the Cleveland District, Wol- 
verine Tube, Division of Calumet & 
Hecla, Inc., 17200 Southfield Road, Allen 
Park, Mich. 

@ 
Murray A. Wilson, a consulting engineer 
of Salina, Kan., has been ‘elected presi- 
dent of the National Society of Profes- 
sional Engineers, 2029 K Street, N. W., 
Washington 6, D. C. 


® 
Paul A. Sieverling has joined Sika Chem- 
ical Corporation, Passaic, N. J., as sales 
manager. F. M. Ackley has been ap- 
pointed technical service engineer and 
Alex J. Chidichimo technical sales engi- 
neer. 

® 
Shell Development Company, Emery- 
ville, Cal., has appointed four research 
and development directors at its Emery- 
ville Research Center. C. W. Smith is 
director of exploratory research, C. R. 
Nelson director of industrial chemicals, 
J. Anderson director of synthetic rubber 
and R. W. Martin director of plastics and 
resins. S. Z. Perry has been named man- 
ager of the service division, succeeding 
J. R. Morrison, who has become manager 
of personnel in New York. 


° 
Zachary D. Sheldon has joined the Car- 
borundum Company, Niagara Falls, N. 
Y., as associate director of the research 
and development division. Edward J. 
Finn, Jr., has been promoted to manager 
of the engineering design department, 
bonded abrasives division. 

e 

Murray P. Ellis has been named a re- 
gional sales manager for Royston Lab- 
oratories, Inc., Pittsburgh 38, Pa. 


e 
NACE Member E. B. Erwin, with offices 
in Houston, Texas, has been promoted to 
district sales manager of Clementina, 
Ltd., 2277 Jerrold Avenue, San Francisco 
24, Cal. Mr. Erwin’s district includes 
Texas, Oklahoma, Arkansas, Louisiana, 
Mississippi and western Tennessee. 

2 
O. B. J. Fraser has retired from Interna- 
tional Nickel Company, Inc., 67 Wall 
Street, New York 5, N. Y. 

os 
James H. Gardner has been elected a vice 
president of National Research Corpora- 
tion, 70 Memorial Drive, Cambridge 42, 
Mass. Mr. Gardner will remain general 
manager of the company’s Metals 
Division. 

e 
Charles J. Geyer has been appointed 
manufacturing and technical director of 
the Fibers Division of American Viscose 
Corporation, 1617 Pennsylvania Blvd., 
Philadelphia 3, Pa. 

° 
John R. Ghublikian has been named man- 
ager of Process Engineering Section and 
Robert G. Hargrove manager of Project 
Engineering Section, Badger Manufac- 
turing Company, 363 Third, Cambridge 
42, Mass. 


(Continued on Page 46) 
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REACTS WITH inseparable new coating 
THE STEEL... cuts offshore costs 


RUS] 


This remarkable new coating 
bonds so perfectly to steel that you 
cannot detect an interface. The rea- 
son? RUST-BAN 190 reacts chem- 
ically with the steel. The resulting 


bond is inseparable . . . completely 
ager eliminating underfilm corrosion. 
The hard, abrasion-resistant coat- 
Car- ing of 100% inorganic zinc silicate 
» m, is also virtually impervious to scrap- 
arch : : ; 
e 2 . ing and impact. You get superior 


ager offshore protection for many years— 

ae at lower annual cost than is possible 
with any other type of coating. In 
immersed service, a Humble top coat 
is recommended. 

RUST-BAN 190 contains no lead, 
is non-toxic, non-flammable and 
comes with curing solution RUST- 
BAN 195. For complete information, 
call your Humble salesman or con- 
tact Humble Oil & Refining Com- 
pany, Houston, Texas. 
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HUMBLE OIL & REFINING CO. 
America’s Leading ENergy COmpany 


@ENCO and RUST-BAN are registered trademarks of Humble Oil & Refining Company 
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The Variable Angle Beam Transducer 


This new transducer has been specially engineered for angle beam testing 
with the SONORAY® flaw detector. It incorporates a variable collimator 
designed to intensify the ultrasonic beam when needed. In addition to 
standard internal flaw detection, the variable angle beam transducer is 
also suitable for weld inspection and thickness gaging. The transducer is 
interchangeable in order to make the frequency fit the job. There are two 
versions of the variable angle beam transducer presently available: One 
for continuous water flow and the other with stationary water inside the 
shoe. The outstanding advantages are: 


@ Continuously adjustable for all angles, from straight to surface wave. 
Interchangeable transducer and beam collimators. 


Suitable for high temperature work and rapid surface scanning. 
Selection of shoes, flat or curved, to fit the surface of the work piece. 


The variable angle beam transducer is further proof of the technical 
ingenuity and know-how of Branson’s Ultrasonic Test Division. The 
next time you have a testing problem call BRANSON and see how fast 
BRANSON will find the best solution in the shortest possible time. 


SINCE 1946 — THE RESPECTED NAME IN ULTRASONICS 


RANSON INSTRUMENTS, INC. 


Ultrasonic Test Division 
52 Brown House Road, Stamtord, Conn. 
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(Continued From Page 44) 


Harry Harrison has been named applica- 
tion engineer of the Pump Sales Division 
of Dorr-Oliver Incorporated, Havemeyer 
Lane, Stamford, Conn. 

° 
Reuben Hitchcock has been named presi- 
dent of Trans-Plastics Corporation, 6700 
Morgan Avenue, Cleveland 27, Ohio, a 
new organization formed to provide 
process industries with design, develop- 
ment and fabrication of corrosion resist- 
ant systems and components made of 
plastics. Ted R. Stevenson is the vice 
president. 

° 
N. P. Hudson has been made sales man- 
ager of asphalt protective coatings for 
Lion Oil Division, El Dorado, Ark., of 
Monsanto Chemical Company, 800 North 
Lindberg Blvd., St. Louis 66, Mo. He 
succeeds Ray D. Cunningham, who re- 
cently retired. 

° 
Joseph C. Kollar has been appointed 
sales representative of the Cincinnati- 
Cleveland-Indianapolis sales territory, 
Pittsburgh Corning Corporation, One 
Gateway Center, Pittsburgh 22, Pa. 

@ 


John J. O’Connor has been appointed 
general manager of production planning 
and sales service, Stainless and Strip Di- 
vision, Jones & Laughlin Steel Corpora- 
tion, 3 Gateway Center, Pittsburgh 30, 
ra. 

s 
Herman A. Reda has been named Dis- 
trict Office sales coordinator of Hagan 
Chemicals & Controls, Inc., Hagan Cen- 
ter, Pittsburgh 30, Pa. 

e 


Thomas T. Spooner and George H. 
Dougherty, Jr., have been assigned as 
technical representatives of the South 
Atlantic and the Mid-Western sales re- 
gions, respectively, of Union Carbide 
Plastics Company, Division of Union 
Carbide Corporation, 270 Park Avenue, 
New York 17, N. Y. 

e 
Metal & Thermit Corporation, Rahway, 
N. J., has appointed Nathaniel L. Remes 
as senior research chemist in the organic 
research and development group. Earl J. 
Conway has been appointed a coatings 
specialist for the Detroit area. 

° 
Nalco Chemical Company, 6216 West 
66th Place, Chicago 38, IIl., has appointed 
three new district managers in the In- 
dustrial Division. NACE Member Orell 
Collins will be in charge of the new South 
Atlantic District with offices in Char- 
lotte, N. C. R. E. Eddy, with headquar- 
ters in Jacksonville, Fla., will manage 
the Southeastern District. P. M. Henry 
will head the Mid-South District. 

Wolfgang Kreuder has been named 
manager at Hamburg, Germany, of 
Deutsche Nalco-Chemie G. m. b. H., a 
subsidiary of Nalco. 

Visco Products Company, Inc., 1020 
Holcombe Boulevard, Houston 25, 
Texas, also a subsidiary of Nalco, has 
promoted M. C. Griffin to manager of 
the Mid-Continent Region; he succeeds 
M. P. Hilbun, who is the new general 
manager of Visco. NACE Member P. H. 
Mallette has been named product man- 
ager, Corrosion Control Chemicals, at 
Visco’s Houston office, succeeding J. P. 
Stanton, who has been transferred to 
Nalco’s International Division. 
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Western Region Sets 28 Papers 





For Portland Meeting Oct. 4-6 


Twenty-eight papers in eight sym- 
posia have been scheduled for Western 
Region’s October 4-6 meeting at Port- 
land. The Benson Hotel will be head- 
quarters. Among the topics covered by 
the papers are filiform corrosion, 
thermoplastic piping, corrosion in boiler 
and steam systems, instruments, heat 
exchangers, coating design and others. 
A soil box demonstration of the prin- 
ciples of galvanic corrosion and cathodic 
protection will be given also. 

The schedule follows: 


Wednesday, October 4 


Corrosion Principles Symposium 

Theories and Factors in Filiform Cor- 
rosion, W. H. Slabaugh, Oregon State 
University, Corvallis. 

Corrosion of Aqua Ammonia Storage 
Tanks, L. M. Dvoracek, Union Oil 
Company. 

Soil Box Demonstration, M. C. Miller, 
Ebasco Services, Inc., New York, N. Y. 


New Materials Symposium 

Compatibility of Aluminum With 
Alkaline Building Materials, Robert E. 
Brooks, Kaiser Aluminum & Chemical 
Sales-Inc., Spokane, Wash. 

New Alloys, Walter Boyd, Battelle 
Memorial Institute, Columbus, Ohio. 

Which Thermoplastic Piping Material 
for Your Corrosion Problem? Dave 
Baird, Tube Turns Plastic, Inc., Louis- 
ville, Ky. 

Tantalum-Titanium Alloys in Mineral 
Acids, C. R. Bishop, Union Carbide, 
Niagara Falls, N. Y. 


Fresh Water Symposium 

Cooling Water System Corrosion, 
R. A. Loucks, Shell Oil Company, 
Anacortes, Wash. 

Corrosion in Boiler and Steam Sys- 
tems, J. F. Wilkes, Dearborn Chemical 
Company, Los Angeles, Cal. 

Corrosion in High Purity Water, 
Ronald D. Weed, General Electric Com- 
pany, Richland, Wash. 

Pure Process Water in Paper Indus- 
try, Art Erickson, Weyerhaeuser Tim- 
ber Company, Longview, Wash. 


Thursday, October 5 


Cathodic Protection in Practice 
Symposium 

Role of Current Distribution in Ca- 
thodic Protection, Robert E. Meredith, 
Oregon State University, Corvallis. 

Cathodic Protection Practices, Harry 
Brough, Mountain Fuel Supply Com- 
pany, Salt Lake City, Utah. 

Corrosion Testing Instruments, M. C. 
Miller, Ebasco Services, Inc., New 
York, N. Y. 


Building and Mechanical Equipment 
Symposium 


Metallurgical Analyses of Failures by 


Corrosion, Harry Honegger, Portland, 
Ore. 


Corrosion in Heat Exchangers, D. B. 
Gardner, Bell & Gossett Company, 
Morton Grove, III. 

Corrosion on Interior of Fuel Tanks, 
Mark F. Adams, State College of Wash- 
ington, Pullman. 

Corrosion Problems of Aluminum in 
Building Industry, D. Guy, Alcoa Com- 
pany, Portland, Ore. 


Marine Corrosion and Protective 
Coating Symposium 

Corrosion Testing of Hydrofoil Mate- 
rials, T. P. May, The International 
Nickel Company. 

History, Properties, Application and 
Service of Coal Tar Enamels, W. G. 
Handy, Reilly Tar & Chemical Cor- 
poration, Salt Lake City, Utah. 

Influence of Coating on Design of 
Structures, C. G. Munger, Amercoat 
Corporation, South Gate, Cal. 


Friday, October 6 


Utilities 

A New Look at Materials for Elec- 
trical Grounding, C. M. Schilmoller, Los 
Angeles, and W. K. Abbott, New York, 
both of International Nickel Company. 

Earth Resistivity at Various Depths 
in Connection With Deep Anode De- 
sign, David T. Jones, Pacific Telephone 
aoe Company, Los Angeles, 
cal. 

Aluminum Conductors, Bob Dalrym- 
ple, Reynolds Aluminum Company, 
Troutdale, Ore. 

Earth Resistivity Measurements for 
Grounding Grids, Allen L. Kinyon, 
Bonneville Power Administration, Port- 
land, Ore. 


Pulp and Paper Industry 

Corrosion Studies on a Groundwood 
Mill Hydrosulfite Bleaching System, 
Alan S. Rosenfeld, Crown Zellerback 
Corporation, Camas, Wash. 

Kraft Mill Corrosion Problems, Rob- 
ert A. Little, Crown Zellerback Corpo- 
ration, Camas, Wash. 

Corrosion Problems Encountered in 
Pulp Bleaching, R. L. Miller, Weyer- 
haeuser Company, Longview, Wash. 

Causes of Corrosion, D. L. Shinn, 
Crown Zellerbach Corporation, Camas, 


Wash. 
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Western Region 


San Francisco Bay Area Section was 
conducted on a tour of U. S. Steel 
Corporation’s Columbia-Geneva Steel 
Division plant at Pittsburg, Cal., on 
May 17. 
8 

Portland Section heard John W. Cald- 
well of Bunker Hill Company speak on 
Cathodic Protection Using Lead-Silver 
and Zinc Anodes at its May 11 meeting. 
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Please Note: 


The correct dates for the 1961 
conference of Western Region are: 


Wednesday, Thursday and Fri- 
day, October 4, 5 and 6. 

Previously reported in COR- 
ROSION (most recently in June, 
Page 58) were October 3-5. 





South Central Region 


Permian Basin Section 
To Hold Tour Sept. 20-22 


The 1961 Permian Basin Corrosion 
Tour of crude oil and gas producing 
plants in West Texas will be conducted 
from Odessa, Texas, September 20-22. 
The biennial event is sponsored by the 
Permian Basin Section. 

The three-day tour includes trips to 
nine water flood projects to study 
various water treatment and corrosion 
control programs of open and closed 
systems. A wide range of protective 
coatings, cathodic protection, alloys and 
chemical inhibitors are employed at 
these projects. 

At producing wells, chemical inhibi- 
tors will be explained and discussed. 
On exhibition will be crude oil han- 
dling equipment, including plastic coated 
storage tanks, flow lines, tubing and 
sucker rods. 

Gasoline plants with their many cor- 
rosion problems will be toured and ob- 
stacles involved in injecting high pres- 
sure sour gas as a secondary recovery 
method exhibited. 

Further tour information and regis- 
tration forms are available from T. E. 


Moses, Registrations Chairman, 1961 
Corrosion Tour, Box 2749, Odessa, 
Texas. 9 


Alamo Section saw two films “Corrosion 
Control With Impressed Current” and 
“Corrosion Control With Galvanic 
Anodes” at May 16 meeting. Carl M. 
Thorn of Southwestern Bell Telephone 
Company reported on the national con- 
vention in Buffalo, N. Y. 
8 
Shreveport Section is extending “a 
measure of financial support” to Cen- 
tenary College of Louisiana at Shreve- 
port and to the Science Education 
Council, according to Grady Howell, 
chairman of the section. 
8 
Birmingham Section saw a slide show 
by W. W. Garrett of Birmingham In- 
dustrial Water Works on “Progress of 
Construction of the Industrial Water 
Line From Smith Dam to Birmingham” 
(see June Corrosion, Page 32, for article 
on this steel water line) at May 5 meeting. 
(Continued on Page 48) 


See Photo Coverage of 
Appalachian Short Course on 
Underground Corrosion 

Pages 52-54 













































































(Continued From Page 47) 


Noser, Kleinheksel to Head 
Symposium on Anodes 


Four technical papers have been 
scheduled as part of the Galvanic Anode 
Symposium at the 1961 South Central 
Region Conference to be held October 
24-26 at Houston’s Shamrock Hilton 
Hotel. 

The four papers are as follows: Mag- 
nesium Anodes by Marshall Parker; 
Zinc Anodes by T. J. Lennox, Jr., Alu- 
minum Anodes by Ralph Horst, Jr., and 
a paper on experience records in use of 
anodes. 

The symposium also will include a 
question and answer period at the con- 
clusion of the session. 

Chairman of the symposium is W. P. 
Noser, one of the founders of NACE, 
who is senior corrosion engineer with 
Humble Pipe Line Co., Houston. He 
has been active in corrosion control 
work since 1941 and has served as chair- 
man of the NACE technical committees 
on galvanic anodes. 

His co-chairman is Stanley Kleinhek- 
sel, NACE corporate member represent- 
ing his employer, Magnolia Pipe Line 
Co., Dallas, Texas, where he is corro- 
sion coordinator. He was transferred re- 
cently from Plainfield, N.J., where he 
was engaged in refinery corrosion and 
metallurgy. He has a PhD in electro- 
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chemistry from the University of Michi- 
gan. Since 1949, his work has been in 
pipeline ccrrosion. 





Kleinheksel 


The 1963 Annual NACE Conference will 
be held at Convention Hall, Atlantic 
City, N. J. 


Eastern Division Names 


Conference Chairmen 


Committee chairmen have been named 
for Canadian Region’s 1961 Eastern 
Division Conference at the King Ed- 
ward Hotel, Toronto, Ontario, January 
17-19, 1962. 

General Chairman is H. A. Webster 
of Corrosion Service Ltd., Toronto. 


Vice Chairman and Exhibits Chairman 
is G. K. Dudgeon of B. A. Oil Company 





ANOTHER BIG CORROSION PROBLEM 


Solved by aH erre 


Size is no problem at du Verre. This huge vent hood is over 20 feet wide and was 
designed to provide trouble-free corrosive fume removal. Two such units completely 


filled a large size railroad car. 


Over a wide range of corrosive and erosive conditions, du Verre Resin Bonded Fiberglass 
has proved its superiority over coatings, linings and other traditional “resistant” materials. 


Completely homogeneous, du Verre fabricated ducts, fittings, 


hoods and tanks provide 


uniform protection from flange to flange, inside and out. One-quarter the weight of 


steel, 


du Verre fabrications also save you money on freight, 


handling and erection. 


Whatever your ~~ needs, equipment can be du Verre fabricated to your specifica- 
tions. Write today. Ask for Bulletin No. 101 and see how du Verre 


bie 


“A BOX 37-L ° 


(# 


can eliminate the high cost of corrosion and product contamination. 


First in Quality for Complete Corrosion Contro/ with Reinforced Plastics 


ARCADE, NEW YORK 
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Ltd., Toronto. Program Chairman is 
W. H. A. Henderson of Electric Re- 
duction Company of Canada Ltd., 
Toronto. Publicity Chairman is D, 
Secord, Honeywell Controls Ltd, 
Toronto. Arrangements Chairman is 
J. G. Fillo of Bell Telephone Company 
of Canada, Toronto. Finance Chairman 
is D. J. Cowan of Corrosion Service 
Ltd., Toronto. Assistant Exhibits Chair- 
man is G. L. Stone of The Glidden 
Company Ltd., Toronto. 
® 

Edmonton Section heard O. B. Dra- 
ganiuk, supervisor of corrosion and in- 
spection engineering for Canadian 
Chemical Company Ltd. speak on Acid 
Treatment of Power House Boilers and 
Their Superheaters at May 25 meeting. 


TECHNICAL 
REPORTS 


HIGH PURITY WATER 
CORROSION 


Sym ae sium on Corrosion by High Puri 
ater by Committee T-3F on Hig 
Purity Water which includes: 


Introduction to sg on Corrosion 
by High-Purity ater by John F. 
Eckel. 

Corrosion of Structural Materials in 
7 -Purity Water by A. H. Roebuck, 

Breder and S. Greenberg. 

Comranien Engineering Problems in High- 
Purity Water by D. J. DePaul. 

The importance of High-Purity Water 
Data to Industria! Applications by 
W. Z. Friend. Per Copy $3.75 

Symposium on Corrosion by High Purity 

ater. Five Contributions to the 
Work of NACE Technical Committee 
aoe. on High Purity Water. Pub. 


Measurement of Corrosion Products in 
High Temperature, High Pressure 


Water Systems by A. S, Sugalski and 
S. |. Williams. 
Corrosion of Aluminum-Nickel Type Al- 


loys in High Temperature Aqueous 
Service by F. H. Krenz. 


Corrosion of Aluminum in High Purity 


Water 
Atwood. 


The Storage of High Purity Water by 
Richard R. Dlesk. 


Water Conditions for High Pressure 
Boilers by D. E. Voyles and E. C 
Fiss. Per Copy 

Symposium on Corrosion by High Purity 
Water. Four Contributions to the Work of 
NACE Tech. Comm. T-3F on High pe 
Water. Pub. 58-13. Per Copy 


Corrosion Behavior of Zirconium- sc 
Alloys in High Temperature Water, by 
W. E. Berry and R. S. Peoples. 


Corrosion and Water Purity Control for 
the Army Package Power Reactor by R. J. 
Clark and A. Louis Medin. 


Removal of Corrosion Products from High 
Temperature, High Purity Water Systems 
with an Axial Bed Filter by R. E. Larson 
and S. L. Williams. 


Some Relations Between Deposition and Cor- 
rosion Contamination in Low Make-up 
Systems for Steam Power Plants by E. S. 
Johnson and H. Kehmna. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the pric es given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 
1061 M & M Bldg. 


by R. J. Lobsinger and J. M 


Houston 2, Texas 
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‘s| 2ine-rich primer by Gtoneware 
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Tyzin is a self-curing sacrificial metal primer offering excellent 


resistance, with or without a top coat, to organic and inorganic 
solvents, fresh or salt water, oils and greases. 


A 2-3 mil film (obtainable in a single application) provides an 


excellent primed surface for all standard Tygon vinyl top coats 
or for Tygon Series ‘‘E’’ Epoxy. 


Tyzin consists of a modified lacquer base into which is blended 


metal zinc powder to form a blended solution of better than 
57% total solids by weight. 


Applied by conventional brush or spray application, Tyzin air 
dries within 15 minutes to a rain and weather-resistant coat- 
ing. It can be top-coated with any suitable top coat within 
a few hours. 


With excellent adhesion to properly prepared surfaces, Tyzin 
proves a low-cost self-sacrificing metal primer for top protec- 
tion from galvanic attack. 


Stoneware, Akron 9, Ohio. 


For detailed technical data write 
Coatings and Linings Division, U.S. U. Ss. 2 7 1 


AKRON 9, OHIO 
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North Central 


DONALD F. KOENECKE of The Enjay Laboratories, Linden, N. J., who discussed long 
term lab tests of various coatings at Chicago Section meeting May 16 at the Chicago 
Engineer's Club, shows slides to Wayne H. Schultz (middle) of Dearborn Chemical 
Company, Chicago, and Dave Sheldahi of Sinclair Research Laboratories, Harvey, Ill. 


SURPLUS SALE! 


TEST 
SPECIMENS 


MILD STEEL 


RECTANGULAR 
%x3&1x4 
each 


715¢ 


ROUND 
2.233 D 


each 


90c 


Write for a List of 
STAINLESS STEEL 
and ALLOY 
TEST SPECIMENS 
at 40% OFF LIST PRICE 


PRICES GOOD FOR ANY QUANTITY 


Write, or Telegraph 


CORROSION 


Test Supplies Co. 


P.O. Box 176, Baker, La. 


WE SHIP ANYWHERE IN THE WORLD 


Chicago Section Hears 
Lab Reports on Coatings 


Donald F. Koenecke, The Enjay Lab- 
oratories, Linden, N. J. discussed long- 
term laboratory tests on a variety of 
coatings before a meeting of Chicago 
Section May 16 at the Chicago Engi- 
neer’s Club. Included among the materi- 
als tested were various formulations of 
epoxies and butyls, exposed to environ- 
ments containing varying percentages of 
salts, at varying temperatures and with 
varying voltages of impressed current. 

He also demonstrated flame-curing, a 
process which makes it possible to cure 
butyl-containing coatings in a few sec- 
onds, using fairly high temperatures 
without unduly heating the substrate. 
Numerous laboratory data were describ- 
ed and illustrated to make his points. 
He also described the method of apply- 
ing coatings by flame spraying in which 
coating materials are applied through a 
cone of flame, reach the surface to be 
coated hot and cure in place. 


NACE Publication Director 
Speaks at Indianapolis 


The Indianapolis Corrosion Society, at 
a meeting May 25 in the Continental 
Hotel, Indianapolis heard Norman E. 
Hamner, publication director of the Na- 
tional Association of Corrosion Engi- 
neers, Houston, discuss some of the ad- 
vantages of organizing a section in 
NACE, Numerous questions were asked 
Mr. Hamner following his remarks, in- 
dicating considerable interest in NACE 
and its activities. About 15 persons were 
present. 

New officers of the society took over 
at the meeting. They are: Charles Kleis, 
president; E. L. Karraker, Shell Oil Co., 
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chairman of the Indianapolis Correlating 
Committee and G. H. Cantwell, Indiana 
Bell Telephone Co., program committee 
chairman. Mr. Cantwell is retiring chair- 
man. 

Earlier the same day at a meeting of 
the correlating committee several cases 
involving underground corrosion were 
discussed and some mention was made of 
the scheduled construction of a 20 and 
30-inch line to feed underground storage 
of gas in an old field southeast of Terre 
Haute. Ralph Willis, Citizens Gas Co., 
secretary of the committee, presided. 

(Continued on Page 56) 


TECHNICAL 
REPORTS 


CORROSION in 
UTILITIES 


TP-12 Report on Electrical Grounding Prac- 


tices. Per Copy $1.50. 


T-4B Cell Corrosion on Lead Cable 

Sheaths. Third Interim Report of 
Technical Unit Committee T-4B8 on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-1 on Corrosion of Lead and Other 
Metallic Sheaths. Publication No. 56-9. Per 
Copy $1.50. 


T-4B-2 Cathodic Protection of Cable 

Sheaths. Fourth Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-2 on Cathodic Protection. Publication 
56-13. Per Copy $4.00. 


T-4B-3 Tests and Surveys for Lead Sheathed 
Cables in the Utilities Industry. Sec- 
ond interim Report of Technical Unit Com- 
mittee T-4B on Corrosion of Cable Sheaths. 
Publication 54-6. Per Copy $5.00. 


T-4B-4 Pipe-Type Cable Corrosion Protec. 
tion Practices in the Utilities in- 
dustry. First Interim Report of Technical 
Unit Committee T-4B on Corrosion of Cable 
Sheaths. Publication 54-3. Per Copy $4.00. 


T-4B-6 Stray Current Electrolysis. Fifth 

Interim Report of Technical Unit 
Committee T-4B on Corresion of Cable 
Sheaths, prepared by Task Group T-4B-6 on 
Stray Current Electrolysis. Publication No. 
57-1. Per Copy $2.50. 


T-4B A Concentrator for Coordinated 

Corrosion Testing—A Contribution 
to the Work of NACE Tech. Unit Commit- 
tee T-4B on Corrosion of Cable Sheaths, 
by Oliver Henderson and Louis Horbath. 
Pub. 57-26. Per Copy $1.50. 


T-4B Corrosion of Lead Sheath in Man- 

hole Water—A Contribution to 
the Work of NACE Tech. Unit Committee 
T-4B on Corrosion of Cable Sheaths, Pub. 
58-6. Per Copy $1.50. 


TP-19 Corrosive Effects of Deicing Salts— 
ress Report by Technical 
Practices Committee 19. Corrosion, January, 


1954, issue. Per Copy $1.50. 


T-4F-1 Progress Report of Task Group 
T-4F-1 on Water Meter Corrosion. 
Per Copy $1.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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An engineer of Quebec's Hydro-Electric Commission examines 
the Bitumastic coatings inside the huge Bersimus penstocks. 


NACE NEWS 


Bitumastic lining stands up like new 
in high pressure penstock service 


The most critical points in the giant Bersimus River pen- 
stocks are the eight 328-foot steel pipe sections, located 
immediately below the elbows, where water pressure reaches 
540 pounds per sq inch. Quebec Hydro-Electric Commis- 
sion engineers picked Bitumastic coal-tar enamel for the 
protection of the steel pipe in this tough service. 

The coatings applied to this section had to meet very 
stringent requirements: first, the high moisture content inside 
the penstocks made it necessary to use a very fast drying 
primer to protect the coating’s bonding action from moisture 
attack. This requirement was fully met by Bitumastic Jet- 
Set Primer, the fast-drying primer with a bond estimated to 
be five times stronger than other primers. 

Two coatings of Bitumastic No. 70-B AWWA Enamel 
were applied to meet the other requirement: these top coat- 
ings will have to provide a minimum of five years mainte- 
nance free service. A recent over-all inspection of the line 
indicated that the coatings are still in excellent condition and 
should last 40 years or more, based on previous experience. 

Koppers coal-tar protective coatings are ideally suited for 
severe corrosion conditions where water resistance and main- 
tenance free service are mandatory. For more information 
on how Bitumastic coatings can solve your corrosion prob- 
lems, mail the coupon or write: Koppers Company, Inc., 


Pittsburgh 19, Pa. District Offices: Chicago, Los Angeles, 
Pittsburgh, New York and Woodward, Ala. In Canada: 
Koppers Products Ltd., Toronto, Ontario. 


=\ KOPPERS 
KOPPERS BITUMASTIC 


Vv COATINGS AND ENAMELS 
another fine product of COAL TAR 


KOPPERS COMPANY, INC. 
Tar Products Division 
Dept. 10906, Pittsburgh 19, Pa. 


Gentlemen: ; 
i'd like more information on Bitumastic hot enamel coatings for 


pipeline protection. 
Name 
Firm 


Address 


Zone _State 
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Corrosion Short Course 





Photo 1—Part of the bleachers where short 
course students watched the corrosion testing 
field demonstration. A 100-foot pipe buried 
on the campus drill field is used each year 
during the short course to demonstrate how 
pipe-to-soil measurements can be made and 
other test measurements. Photo 2—Registra- 
tion period before the opening sessions of the 
course was a time for renewing acquaintances. 
Photo 3—An interested group watches the 
demonstration on a corrosion meter at one 
of the 35 exhibitions on display during the 
short course. Photo 4—NACE President E. C. 
Greco of United Gas Corporation, Shreveport, 
La., gave the opening address. He discussed 
the economic significance of corrosion con- 
trol and outlined the activities of NACE in 
helping industry with corrosion problems. 
Photo 5—P. H. Miller of Texas Eastern Trans- 
mission Corp., Shreveport, La., was the in- 
structor for the basic session on economics 
of corrosion control. Photo 6—One of the im- 
portant features of the short course was the 
Round Table Discussion at which students 
could ask questions. A panel of seven experts 
and a moderator was set up to give answers 
or help on the problems and questions under 
discussion. Photo 7—Three men from Ohio 
Fuel Gas Company relax between classes. 
They are (left to right) William T. James, Jr., 
of Athens, Ohio, Thomas C. Fisher of Cam- 
bridge, Ohio, and W. Wellinghoff of Chilli- 
cothe, Ohio. Photo 8—C. A. Erickson, Jr., of 
Peoples Natural Gas Company gave the mud 
tub demonstration of the corrosion process 
and cathodic protection. Photo 9—C. C. 
Stoneking of Hope Natural Gas Co., at left, 
described the method being used at the field 
demonstration to take a soil resistivity survey. 
At right is F. E. Costanzo of Manufacturers 
Light and Heat Co., chairman of the field 
demonstrations. Photo 10—Between classes, 
small groups such as this continued the dis- 
cussions or exchanged corrosion experiences. 
From left to right, they are Charles A. 
Herdegen of Public Service Electric and Gas, 
New Brunswick, N.J., J. Edwin Kareha, Public 
service Electric and Gas, Camden, N.J., David 
W. Brown of Public Service Electric and Gas, 
Englewood, N.J., Bob Meihls of Hill Hubbell 
Co., Middletown, N.J., Joseph C. Sokol of 
Koppers Company, New York City, and W. J. 
Skillen of Public Service Electric and Gas Co., 
Summit, N.J. Photo 11—An outdoor demon- 
stration of a flame spray epoxy coating was 
given by Minnesota Mining and Manufactur- 
ing Company as part of their exhibition at 
the short course. 


Photo 12—Another portion of the bleacher 
crowd at the field demonstration. For the first 
time in the short course’s six-year history, 
part of the field demonstration was held in- 
doors because of rain. Photo 13—Waiting for 
the opening session of the short course is 
part of the 600 registrants. Photo 14—Tinker 
and Rasor holiday detectors were demon- 
strated at the Bob Herrick booth. Photo 15—A 
thermoelectric generator to power a cathodic 
protection system was displayed at the Ca- 
thodic Protection Service booth. Shown from 
left to right are Harold C. Boone of Peoples 
Light and Gas Co., Chicago, Ill., E. C. Paver 
of Northern Illinois Gas, Bellwood, Ill., and 
Gordon Doremus of Cathodic Protection Serv- 
ice, Houston, Texas. 











Appalachian Short 
Course Registration 
Sets Record Again 


For the second consecutive year, the 
Appalachian Underground Corrosion 
Short Course had a record breaking at- 
tendance. Total registration passed the 
600 mark to beat last year’s attendance 
of 590. 

Covering most aspects of underground 
corrosion, the short course was pre- 
sented on three levels: basic, interme- 
diate and advanced. Several special 
topics were added to this year’s course 
including stray current bonds and 
switches, railroad signal systems, com- 
plex structures, bare area protection, 
well casings, locks and dams, electroly- 
sis defects and tank farms. 

General chairman of the short course 
was D. A. Tefankjian, NACE member 
with Texas Eastern Transmission Co., 
Shreveport, La. Program committee 
chairman was NACE member E. K. 
Benson of New York Telephone Co., 
Buffalo, N.Y. He was elected general 
chairman for the 1962 Seventh Annual 
Appalachian Short Course. 

Dates for the 1962 short course have 
not been set, pending activities at the 
University of West Virginia. 

The course is sponsored by West Vir- 
ginia University and is endorsed by 
NACE and the American Water Works 
Association. 


Photo 16—Another of the exhibitors at the 
short course demonstrated the use of special 
welding techniques for bonding cathodic pro- 
tection cables to underground structures. 
Photo 17—Aluminum Company of America 
had a special display containing a motion 
picture film. These students are listening to 
the film’s sound track at the Alcoa booth. 
Photo 18—This between-classes trio is (left 
to right) |. E. Davis of Ohio Fuel Gas Co., 
Columbus, Ohio, Fred M. Round of Utilities 
Service, Niles, Ohio, and R. H. Goodnight of 
Cook Paint & Varnish Co., Kansas City, Mo. 
Mr. Goodnight is general chairman for the 
1962 NACE Annual Conference to be held 
in Kansas City next March. Photo 20—The 
Tapecoat Company was another of the ex- 
hibitors at the short course. Here an inter- 
ested group of students look over the sample 
pieces of pipe wrapped with plastic tape. 
Photo 21—Part of the students attending the 
mud tub demonstration class. Photo 22— 
Checking their class schedule are (from left 
to right) James B. Casey of the Tapecoat Co., 
Ramsey, N.J., Robert H. Teeple of East Ohio 
Gas Co., Cleveland, Ohio, and Darrel Byerley 
of Tinker and Rasor Co., San Gabriel, Cal. 
Photo 23—Five of the many Canadians at- 
tending the short course are shown here. All 
from Bell Telephone Company of Canada, 
they are (left to right) D. A. Brooks of 
Montreal, J. A. Clement of Montreal, N. A. 
McLeod of Montreal, Lauchlan Forsyth of 
Toronto and Hugh McLean of Montreal. 
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FIBERCAST,, 


COMPANY 


INSIDE: 


1. Hazen-Williams C- 
Flow Factor of 147. 

2. Handles 94% of 
Known Corrosive 
Solutions. 

3. Operating Temp- 
erature Range is: 
—65°to-+300°F. 

4. Operating Press- 
sure Range Ex- 
tends to 1200 psi. 


FIBERCAST has a ceramic-smooth 
interior with a Hazen-Williams C 
Flow Factor of 147. Aids flow, 
resists deposit build-up. 


FIBERCAST handles 94% of all 
known corrosive solutions. It is 
not impaired by acids, alkalies, 
salts, other damaging chemicals. 


FIBERCAST withstands any temper- 
ature range from —65° to +300°F. 
This is a wider operating temper- 
ature range than any non- 
metallic pipe. 


FIBERCAST provides superior re- 
sistance to high pressures. Its op- 
erating range extends to 1200 psi. 


FIBERCAST has built-in inhibitors 
that combat the most highly cor- 
rosive environments and seals out 
contaminants. 


. FIBERCAST provides resistance to 


high tension forces. It is inert— 
stops electrochemical corrosion, 
forms an extremely durable di- 


electric shield. 


FIBERCAST is unaffected by sum- 
mer heat or winter cold; has su- 
perior resistance to severe atmo- 
spheres and weathering. 
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OUTSIDE: 


5. Combats Corrosive 
Environments. 


6. Effectively Stops 

Electrolytic Action. 
7. Fibercast is Unaf- 
fected by Extremes 
of Heat or Cold. 


Eee 
PS SCY 


Fibercast has the world’s most complete stock 
of standard fittings, as well as couplings de- 
signed and made to order for individual re- 
quirements. 


The effectiveness and long-term dur- 
ability of Fibercast pipe are the result 
of built-in inhibitors—high tensile 
glass fibers, imbedded and bonded 
by heat in epoxy resin, and centrifu- 
gal casting. It gives Fibercast a high 
degree of smoothness, ruggedness, 
permanence—and superior resist- 
ance to exposures involved in the 
most difficult corrosive, pressure and 
temperature conditions. 


Reliability with true economy is 
built in—inside and out—and 
throughout the inner core of the cas- 
ing thickness. This unique combina- 


A DIVISION OF 


SHEET AND TUBE COMPANY 


ungstown 
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How Fibercast pipe is better built to 
combat corrosion...inside and out! 


Years of research and development have perfected the 
most versatile pipe tested for heat, pressure and corrosive 
applications. Years of actual field use prove its long 
service life! Here are the reasons why: 


tion of benefits is not found in any 
other kind of pipe: rubber, glass, 
plastic, steel, stainless, aluminum, 
asbestos, brass or copper tubing. 





Fibercast Tubing (right) used to suspend 
a 1,200 Ib. pump for 3 years in a salt water 
supply well. There was no loss in strength. 
The damaged plastic-coated steel nipple (left) 
was used in the same installation, failed after 
3 months’ service. 


Fibercast is available for all lines from 
2” tubing through 8” pipe for service 
from—65° to +300°F. For more in- 
formation mail coupon. 


FIBERCAST COMPANY 
Box 727, Sand Springs, Oklahoma 


Please send me further information 
about Fibercast Tube and Pipe. c-71 


Firm 

Title 

Type of Business aaa, 
Address 


City Zone State 
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Ambler Fenner 





Harper Heideman 





O’Boyle 























Siebert 


Certificates for past chairmen of regions 
and sections, measuring 9 x 12 inches, 
are available from the Central Office at 
$7.50 each. 

a 
North Central Region’s 1961 Conference 
will be held October 9-11 at the Chase 
Park Plaza Hotel in St. Louis, Mo. 

& 


Wrought iron constructed drain pipes 
and scuppers (drain covers) offer good 
resistance to corrosive salts and cinders 
used to improve traction on ice-covered 
bridges. 





Fisher 





Revilock 





Woodson 
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(Continued From Page 50) 


St. Louis Conference 
Arrangements Completed 


Shown in accompanying photographs 
are some of the conference committee 
chairmen, symposia chairmen and local 
section officers who have arranged the 
1961 North Central Region Conference 
to be held October 9-11 at the Chase- 
Park Plaza Hotel in St. Louis, Mo. 

Conference committee chairmen are 
General Chairman Otto H. Fenner of 
Monsanto Chemical Co., and his co- 
chairman Charles W. Ambler, Jr., of 
American Zinc, Lead & Smelting Co., 
F. L. Whitney, Jr., of Monsanto Chemi- 
cal Co., technical program; M. S. Van 
Devanter of Van Devanter Engineering 
Co., exhibits; William T. Woodson of 
St. Louis Metallizing Co., local arrange- 
ments; O. W. Siebert of Monsanto 
Chemical Co., entertainment; Robert 
Harper of Nooter Corp., printing and 
publicity; and Mrs. Virginia Siebert, 
ladies entertainment. 

Symposia chairmen for the technical 
program are C. J. O’Boyle of Metco, 
Inc., R. G. Kern of Union Electric Co., 
H. J. Siegel of McDonnell Aircraft 
Corp., C. L. Griffin of Anheuser-Busch, 
Inc., W. A. Heideman of Mobil Oil Co., 
Louis Shaywitz of Transportation Ma- 
teriel Command, J. F. Revilock of Na- 
tional Carbon Co., S. L. Lopata of 
Carboline Co., H. O. Nordquist of 
Joseph T. Ryerson & Sons, Inc., and 
G. P. Kern of Garlock, Inc. 

A complete program for this confer- 
ence was published on Pages 50 and 51 
of the May issue of Corrosion. 

Officers of the Greater St. Louis Sec- 
tion, host for the conference, also are 
among the accompanying photographs: 
Chairman A. O. Fisher of Monsanto 
Chemical Co., Vice Chairman M. S. Van 
Devanter of Van Devanter Engineering 
Inc., Secretary W. T. Woodson of St. 
Louis Metallizing Co., and Treasurer 
Louis Shaywitz of the U. S. Army 
Transportation Materiel Command. 
ca 


Southwestern Ohio Section heard J. S. 
Long of University of Louisville speak on 
progress and plans for basic research for 
the paint industry at its May 23 meeting. 

New officers for 1961-62 are Chairman 
Eugene E. Haney of Armco Steel Corp- 
oration, Program Chairman William E. 
Eckert of Koppers Company, Inc., Treas- 
urer Arthur D. Caster of City of Cincin- 
nati Engineering Department and Secre- 
tary Rutson L. Wood of Cincinnati Gas 
and Electric Company. 

New directors are Lewis M. Lederer, 
Inner-Tank Lining Corporation; Guy H. 
Cantwell, Indiana Bell Telephone Com- 
pany; Robert F. Andres, Dayton Power 
and Light Company; Rex B. Stephenson, 


Dayton Power and Light Company and 
Sol M. Gleser, A. M. Kinney, Inc. 


% 
Greater St. Louis Section Corrosion 
Short Course was attended by 65 people 


from 18 states. The course was held at 
Washington University June 5-9. 
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Eight Symposia Plus Tours 
Set for NE Conference 


Eight symposia covering topics such 
as new metals, protective coatings and 
linings, power generation and trans- 
mission, and plastics have been sched- 
uled for the Northeast Region Con- 
ference at the Statler Hilton Hotel, New 
York City, October 30-November 2. 
Plant tours and an education lecture on 
anodic and cathodic protection are also 
scheduled. 

The schedule is given below. 


Monday, October 30 


9-12 am.—Power Generation and 
Transmission. Frank E. Kulman of 
Consolidated Edison Company, chair- 
man. 

2-5 p.m.—Education Lecture: Anodic 
and Cathodic Protection. George T. 
Paul of The International Nickel Com- 
pany, Inc., chairman. 


Tuesday, October 31 

9-12 a.m.—Saline Water Conversion 
Units. Dr. W. Sherman Gilliam of 
Office of Saline Water, U. S. Depart- 
ment of Interior, chairman. 

Plastics. Byron Zolin of E. I. du Pont 
de Nemours & Company, chairman. 
2-5 p.m.—Plant tours. 


Wednesday, November 1 


9-12 am.—Heat Exchangers. G. Sorell 
of The M. W. Kellogg Company, chair- 
man. 

New Metals. Donald B. Dik of Titan- 
ium Metals Corporation of America, 
chairman. 

2-5 p.m.—Protective Coatings. R. P. 
Devoluy of The Glidden Company, 
chairman. 

_ Technical Practices Committee meet- 
ings. 


Thursday, November 2 

9-12 am.—Protective Linings. Ken- 
neth Tator of Kenneth Tator Asso- 
ciates, chairman, 

Evaluation Tools. Harold C. Temple- 
ton of Alloy Steel Products Company, 
chairman. 

e 
Genesee Valley Section elected 1961-62 
officers at May 11 meeting. Richard 
Saunders is new chairman, Robert M. 
White vice chairman and Howard J. 
Gillen secretary-treasurer. Round-table 
discussion of corrosion of automobiles 
by salt during winter was held. 

e 
Kanawha Valley Section at May 18 
meeting heard Miss Sally Keadle of 
United Fuel Gas Company, Charleston, 
West Virginia, speak on Progress in 
the Natural Gas Industry; she also 
showed a movie, “The Constant Search,” 
covering the novel compressor driven 
by a J-57 jet aircraft engine. 

a 
Philadelphia Section heard Robert C. 
DeMarco of Philadelphia Electric Com- 
pany speak on the Eddystone Electric 
Generating Station and its underground 
corrosion problems at May 31 meeting. 
Fall meeting is set for October 27 at 
which Robert Jelnick of Syracuse Uni- 
versity will present an illustrated lecture 
on fundamentals of corrosion. 
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VALVOLINE 


Tectyl 
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There’s a job for Valvoline Tectyl in your industry, 
protecting metal surfaces against rust and corrosion 
during shipping and storage. 


Low-cost Tectyl rust preventives are widely used by the 






military services and by industry. 
Tectyl’s easy-to-apply, easy-to-remove film provides complete | 
protection from the effects of snow, rain, salt air, 














humidity, perspiration and corrosive fumes. 


Tectyl rust preventives meet exacting government 
specifications and there are more than 40 variations to meet 
every industrial need. We suggest you write today 

for your copies of two helpful, detailed Tectyl 
charts which give industrial and government 
specifications and applications. 
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Southeast Region 


SE Region Schedules 
17 Papers for Miami 


Seventeen papers are scheduled now 
for the Southeast Region Conference at 
Miami’s Key Biscayne Hotel November 
27-December 1. In addition to seven 
papers announced in June, 1961, COR- 
ROSION, ten more papers have been 
scheduled. These cover such subjects as 
plastics, sea water conversion processes, 
coatings and sealants for fuel storage 
tanks and cathodic protection’s effect on 
corrosion fatigue of steel in sea water. 

Authors and papers are listed below. 


Coatings and Sealants for Fuel Stor- 
age ‘Tanks, Allen L. Alexander, U. S. 
Naval Research Laboratory. 

Mitigativé Measures Applied to Un- 
derground Lead Sheathed Cables and 
Associated Hardware, Albert L. Ayers, 
New Jersey Bell Telephone Company. 

The Corrosion Engineer’s Choice of 
Plastics, Otto H. Fenner, Monsanto 
Chemical Company. 

Sea Water Conversion Processes, W. 
S. Gilliam. 

Coating Structural Steel Before Erec- 
tion, R. J. Koch. 

Corrosion of Steel as Influenced by 
Its Composition and Environment, C. P. 
Larrabee, U. S. Steel Corporation. 

Effect of Cathodic Protection on Cor- 
rosion Fatigue of Steel in Sea Water, 
J. L. Nichols, Dow Metal Products 
Company. 


A RELIABLE SOURCE FOR 
CATHODIC PROTECTION 
SUPPLIES AND SERVICES 


The exacting standards CSI engineers have set for themselves 
are your guarantee of your money’s worth. You will find it pays 
to check with CSI when you need materials or services to stop 
corrosion on buried or submerged structures. 

CSI engineers are pioneers and experts in cathodic protection 
—for transmission and distribution pipelines, oil and gas well 
casing, tank bottoms, etc. They offer a complete line of: 


e Brand-name materials and equipment, including 
y00d-All rectifiers to meet your requirements 
Dow magnesium anodes, including Galvomag 
Packaged and special anodes to your specifications 
National graphite anodes, Duriron anodes 
Instruments by Agra, Fisher, Collins, etc. 
General cable, Cadweld equipment, many others 
e Expert engineering and installation services 
e Consulting and design—experienced crews 
@ Equipment to handle the largest turnkey job 


Large stocks for immediate shipment. Competitive quotations 


or estimates without obligation. Let us demonstrate our eco- 
nomical and satisfactory service. Call or write today. 


(cSt) 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


CORROSION SERVICES 


INCORPORATED 


General Office: Tulsa, Okla. 


Mailing Address: 


Box 787, Sand Springs, Okla. 


Tel. Circle 5-1351 
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Austenitic Nickel Cast-Iron in Petro- 
leum Industry, J. F. Mason, Jr., T. P. 
May and W. K. Abbott, International 
Nickel Company. 

Cathodic Protection—Continuous 
Measurement and Automatic Control, 
L. P. Sudrabin, Electro Rust Proofing. 

Effect of Cathodic Protection on 
Corrosion Fatigue of Ship Plate in Salt 
Water, L. J. Waldron, U. S. Naval 


Research Laboratory. 


Buffalo Paper on Rigid Plastics 
For Chemical Service Available 


A limited number of copies of 
NACE Buffalo Conference Paper 
No. 69: Evaluation of Rigid Plas- 
tics for Organic Chemicals Serv- 
ice, by L. S. Van Delinder, Union 
Carbide Chemicals Co. are avail- 
able for sale, first come first served, 
$1 each postpaid. The charge is to 
defray the cost of handling and 
mailing of the paper. 

The paper, consisting of 26 
pages of double-spaced typewriter 
text, 32 references, 19 tables, and 
14 figures, some with as many as 
four parts, is a thorough sum- 
mary of presently available knowl- 
edge on the subject. A wide va- 
riety of test data are included for 
periods up to 185 days. 

Send your orders with remit- 
tance to: NACE, 1061 M & M 
Bldg., Houston 2, Texas. Orders 
to addresses outside the United 
States, Canada and Mexico must 
be accompanied by a remittance 
for 65 cents, which includes book 
post registry. 


CONTROL OF 
PIPELINE CORROSION 


This 61-page, 6 by 9-inch booklet is now in 
its fourth printing. Written by O. C. Mudd, 
formerly chief corrosion engineer for Shell 
Pipe Line Corp., it contains much of the 
basic information and common sense instruc- 
tion needed to plan and execute cathodic 
protection systems on underground plant. 


Per Copy, postpaid 
5 or more copies, each 


Remittances must accompany all orders for lt- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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APEGCOAT? PROTECTION... 


‘Works for You Anywhere! 


a 


NATURAL GAS lines at compres- 
sor and meter stations give years of 
maintenance-free service when pro- 
tected by TAPECOAT, the coal tar 
coating in handy tape form. 


GAS DISTRIBUTION lines of 
large diameter can readily be pro- 
tected with TAPECOAT to withstand 
the abrasive and corrosive climate 
in underground service. 


Lines in OFF-SHORE DRILLING oper- 
ations need joint protection equivalent 
to the mill-wrapping on the pipe. 
TAPECOAT is most economical be- 
cause it gives lasting protection in under- 
water service. 


CABLE AND CABLE SPLICES in com- 
munications service are effectively and eco- 
nomically protected by TAPECOAT. 


@ UNDERGROUND GAS STORAGE facilities can be 
“buried and forgotten’ when protected by TAPECOAT. 
Note protection of tanks, pipe and pipe joints. 


= 


STEEL MILL water lines in this new 


AIRPORT FUEL LINES need 
he quality joint protection as- 
sured by TAPECOAT. It is easy 
fto apply by spiral or ‘‘cigarette” 
rapping depending on the size 
of the pipe. No training needed. 


plant are joint-protected with TAPE- 
COAT. TAPECOAT can be used to 
advantage to protect any steel sur- 
face in underground service, as 
proved since 1941. 
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Lines buried in cinders in RAIL- 
ROAD YARDS need the sure 
protection provided by TAPE- 
COAT. There's a size for every 
purpose from 2” to 24” in width. 


> 


Write for full details today 


pe TAPECOAT 


Gees 


Originators of Coal Tar Coating in Tape Form 


1529 Lyons Street, Evanston, Ill. 


The Tapecoat Company of Canada, Ltd., 


25 Haas Road, Rexdale, Ontario. 


Manufactured and Distributed in Canada by 





July 

5 Teche Section 

18 Chicago Section 

20 Alamo Section ; 
31 New Orleans Section 


August 
2 Teche Section 
8 Houston Section 
15 Alamo Section 
15 Chicago Section 
28 New Orleans Section 





COKE BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has a high carbon 
content and comes in sizes of Y-inch x 0 to % 
«x Y inch. In bulk or sacks. Prices on other sizes 
on request. 
National Carbon Anodes 
Magnesium Anodes 


Good-All Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 
P. ©. Box 94 Mt. Olive, Ala. 
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Technical Articles 
Scheduled for August 


Topic of the Month: A Comparison of 
the Corrosion Resistance of Basic 
Oxygen and Open Hearth Steel, by 
R. C. Talbot, R. N. Hobbs and W. A. 
Szymanski 

A Method for Prevention of Hydrogen 
Embrittlement of Tantalum in Aqueous 
Media, by Claude R. Bishop and Mil- 
ton Stern 

Corrosion of Lead Cable Sheath, by K. G. 
Compton 

Use of Pipe-To-Soil Potential in Analyz- 
ing Underground Corrosion Problems, 
by B. Husock 

A New Coatings Material for Corrosion 
Control, by B. H. Mahlman and E. J. 
Kaatz 

A Study of Fouling and Corrosion in 
Condenser Tubes, by R. A. McAllister, 
Mitchell Hollier, Donald H. Eastham 
and Neil A. Dougharty 

Use of Differential Thermal Analysis in 
Exploring Minimum Temperature Lim- 
its of Oil-Ash Corrosion, by Norman 
D. Phillips and Charles L. Wagoner 

Microbiological Corrosion in Water- 
floods, by J. M. Sharpley 

Zinc Filled Inorganic Coatings—A Re- 
port of NACE Technical Unit Com- 
mittee T-6B on Protective Coatings for 
Resistance to Atmospheric Corrosion, 
F. P. Helms, Chairman 

Recommended Practices for Shop Clean- 
ing and Priming—A Report of NACE 
Technical Unit Committee T-6D on 
Industrial Maintenance prepared by 
Task Group T-6D-4 on Specifications 
for Shop Cleaning and Priming, L. L. 
Sline, Chairman 


HOW MUCH dia your faa 


contribute to the $6 BILLION LOSS 
due to corrosion? 





Your plant’s share of the tre- 
mendous loss to corrosion last 
year could have been stopped 
with one of Valdura’s Val-Chem 
chemically-resistant coatings. 
Remember—no one coating can 
solve all the problems. That’s 
why Valdura offers you a complete 
line to fit every need—the new, 





VALDURA 
VAL-CHEM 
COATINGS 


STOP costly 


corrosion 


field-tested Val-Chem Coatings. 
The assistance of Valdura’s 
nationwide force of field repre- 
sentatives—experts in corrosion 
control—is at your service. How 
can Val-Chem Coatings stop cor- 
rosion in your plant? Write to- 
day on your letterhead for a 
prompt solution! 


VALDURA "!4’" PAINT DIVISION 
AMERICAN-MARIETTA CO., CHICAGO 11, ILL 











1961 


Oct. 4-6—Western Region Conference, 
Benson Hotel, Portland, Oregon. 
Oct. 9-11—North Central Region Con- 
ference, St. Louis, Chase Park Plaza 

Hotel. 

Oct. 24-26—South Central Region Con- 
ference and Exhibition, Shamrock- 
Hilton Hotel, Houston. 

Oct. 30-Nov. 2—Northeast Region Con- 
ference, New York City, Hotel Statler. 

Nov. 27-Dec. 1—Southeast Region Con- 
ference and Florida General Confer- 
ence Short Course, Key Biscayne 
Hotel, Miami, Fla. 

Nov. 29-30—NACE Board of Directors 
oe Key Biscayne Hotel, Miami, 
‘la. 


1962 

January 17-19—Canadian Region East- 
ern Division Conference, King Ed- 
ward Hotel, Toronto, Ontario. 

March 18—NACE Board of Directors 
Meeting, Muehlebach Hotel, Kansas 
City, Mo. 

March 19-23—18th Annual Conference 
and 1962 Corrosion Show. Kansas 
City, Missouri, Municipal Auditorium. 

March 23—NACE Board of Directors 
Meeting, Muehlebach Hotel, Kansas 
City, Mo. 

October 1-4—Northeast Region Confer- 
ence, Hotel Sheraton Ten Eyck, Al- 
bany, N. Y. 

October 9-11—North Central Region 
Conference. 

October 11-12—Southeast Region Con- 
ference, Birmingham, Ala. 

October 16-19-—-South Central Region 
Conference and Exhibition, Granada 
Hotel, San Antonio. 


1963 


March 18-22—19th Annual Conference 
and 1963 Corrosion Show. Convention 
Hall, Atlantic City, N. J 

October 14-17—South Central Region 
Conference, Oklahoma City, Okla. 


1964 


March 9-13—20th Annual Conference 
and 1964 Corrosion Show, Sherman 
Hotel, Chicago, Ill. 

October 25-30—North Central Region 
Conference, Hotel Lemington, Minne- 
apolis, Minn. 


1965 


March 15-20—21st Annual Conference 
and 1965 Corrosion Show, Chase-Park 
Plaza Hotel, St. Louis, Mo. 


SHORT COURSES 
1961 


Sept. 20-22—Permian Basin Corrosion 
Tour, Odessa, Texas. 

Sept. 27-29—8th Annual Central Okla- 
homa and University of Oklahoma 
Corrosion Control Short Course, Nor- 
man. 

© 


Certificates for presentation to past 
chairmen of regions and sections are 
available from the Central Office at 
$7.50 each. 










o 


Ninin, 


PHADA 


Vol. 17 July, 1961 


2. TESTING 
2.2 On Location Tests 
2.3 Laboratory Methods and Tests 
2.4 Instrumentation 


3. CHARACTERISTIC 
CORROSION PHENOMENA 
3.8 Miscellaneous Principles 


4. CORROSIVE ENVIRONMENTS 
4.3 Chemicals, Inorganic ..: : 


5. PREVENTIVE MEASURES 
5.3 Metallic Coatings 


6. MATERIALS OF CONSTRUCTION 
6.3 Non-Ferrous Metals 
and Alloys—Heavy 


2. TESTING 
2.2 On Location Tests 


22.5, 23:2, 534 

Corrosion Testing of Electrodeposited 
Coatings. F. L. LaQue. Paper before 
Am. Electroplaters’ Soc., Golden Jubilee 
Convention, Detroit, June 15-19, 1959. 
Tech. Proc. Am. Electroplaters’ Soc., 
46, 141-148 (1959). 

Comparative reliability of tests in nat- 
ural environments and accelerated tests. 
Role of corrosion tesis in research. 37 
references.—RML. 19290 


2.2.9, 5:48, 1.7.2, 2.3.7, 8.9.5 

Raft Trials of Underwater Paints. Pts. 
I, II. J. C. Kingcome. Paint Manuf., 28, 
No. 12, 375-378, 388 (1958); ibid., 29, 
No. 1, 5-8, (1959). 

Information is given about the site 
and technique used in carrying out un- 
dcerwater trials of anticorrosive and an- 
tifouling paints by Admiralty staff at 
H. M. Dockyard, Portsmouth, The re- 
sults of such tests, in conjunction with 
laboratory evaluations of the coatings, 
are used to select paints for final trials 
on ships or marine structures.—RP1!. 

19254 


2.2.3, 2.2.2, 6.2.5, 6.4.2 
The Corrosion Behaviour of the Ma- 


jor Architectural and Structural Metals 
in Canadian Atmospheres. Summary of 
Two-Year Results. Report by Subcom- 
mittee C, Atmospheric Corrosion Test- 


ing, E. V. Gibbons, Chairman. 96 pp., 
Feb. 24, 1959. National Research Coun- 
cil, Associate Committee on Corrosion 
on and Prevention, Ottawa, Can- 
ada. 

Results of examinations of exposed 
panels after two years are given. Cov- 
ered are experimental procedures, re- 


sults. Metals exposed included alumi- 
num, riveted galvanic couples, ASTM 
standard steel and standard zinc, low 
alloy residual, copper bearing and 
copper-nickel bearing steels; Type 302, 
316 and 430 stainless steels; magnesium 
alloys and rolled zinc. Eight sites are 
used. 

Appendices give detailed weight loss 
results, weather records, panel identifi- 
cation schedule and membership list of 
the committee responsible. 


Of materials tested stainless steel is 
reported to have best corrosion resist- 
ance, with aluminum next. 19165 


2.2.5, 5.4.5 

Minimum Paint Film Thickness for 
Economical Protection of Hot Rolled 
Steel Against Corrosion. W. Bosch. Of- 
ficial Digest, Federation Paint and 
Varnish Production Clubs, 31, No. 412, 
602-609 (1959). 

A report is given on an exposure pro- 
gram on painted steel panels intended 
to evaluate paint performance in rela- 
tion to film thickness. Panels were 
allowed to rust, cleaned by various 
means, coated with various primer/finish 
systems (oil, alkyd, phenolic and vinyl) 
to different film thicknesses and ex- 
posed at rural, industrial and marine 
sites. An interim assessment is pre- 
sented.—RPI. 19698 


2.2.2, 4.2.7, 3.6.6 

Tropical Exposure Trials of Bimetal- 
lic Couples. (In French.) H. G. Cole. 
Corrosion et Anticorrosion, 7, No. 1, 
3-12, 1959). 

Bare and plated steels, and treated 
and untreated non-ferrous metals and 
alloys, were exposed for 18 months to 
tropical jungle (1) and beach (II) con- 
ditions. In general, corrosion under II 
was much more severe than for I. For 
the coupled metals, anodic corrosion ap- 
parently depended on the difference in 
potential and the degree of “smother- 
ing” of the anode by corrosion products. 
In the choice of couples, account must 
be taken of the nature of the metals 
and particularly of the anode. Detailed 
results and practical recommendations 
are presented. 18278 


2.2.2, 3.6.6, 6.4.4, 5.9.4, 5.4.5 

Report on Marine Atmosphere Expo- 
sure of Galvanic Coupies Involving 
Magnesium. A. Gallaccio and I. Cornet. 
Am. Soc. Testing Materials Special 
Technical Pubn. No. 255, 1960, 26 pp. 


Marine atmosphere exposure study 
was implemented and completed with 
objective of acquisition of data and eval- 
uation of performances of various pro- 
tective systems applied to couples of 
Mg with Al, Cd (plated on steel), Cu, 
steel, stainless steel (Type 302), and Zn 
(plated on steel) to serve as a guide to 
designers and developers of military 
equipment. Protective systems Mg in- 
cluded chromate conversion and anodic 
coatings, and paint systems consisting 
of chromate primer and alkyd, phenolic 
and epoxy enamels. Inorganic and or- 
ganic protective systems for cathode 
metals included types employed with 
Mg, except that pretreatments for steel 
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cal 


were phosphate types and pretreatments 
for Cu and stainless steel were limited 
to cleaning only. Contact and insulated 
couples were represented. Appropriate 
controls included were: uncoupled bare 
metals; coupled bare assemblies; cou- 
pled, pretreated, unpainted assemblies; 
and several assemblies with paint sys- 
tems applied to unpretreated, coupled 
metals. Specimens were exposed to 
Olymic site, approximately one mile 
south of San Francisco, Calif. Results 
reported cover an exposure period of 
14 months. Map, photos, numerous 
tables. 24 references —INCO. 20103 


2.2.2 

Outdoor Exposure Sites of the Na- 
tional Research Council. E. V. Gibbons. 
Paper before Chem. Inst. Canada, 42nd 
Ann. Conf., Halifax, N.S., May 25-27, 
1959. Chemistry in Canada, 12, No. 3, 
44-48 (1960) March. 


Canada now has 7 test sites for study 
of behavior of metals and protective 
coatings for metals under outdoor con- 
ditions at different locations across 
country (shown on map). With arrange- 
ments completed for reciprocal use of 
9 sites of ASTM (including site adja- 
cent to Inco’s test facilities at Kure 
Beach), weather studies can now be 
conducted at 16 different locations on 
North American Continent. Climatic 
conditions at sites vary from severe 
tropical conditions in Panama Canal 


Abstracts in This Section are selected 
from among those supplied to sub- 
scribers to the NACE Abstract Punch 
Card Service, Persons who are in- 
terested in reviewing all available 
abstracts should write to NACE for 
information on this service. 


PHOTOPRINTS and/or 
MICROFILM COPIES 


of Technical Articles Abstracted in 


Corrosion Abstracts 


May Be Obtained From 


ENGINEERING SOCIETIES LIBRARY, 29 West 
39th Street, New York 18, N. Y. 


CARNEGIE LIBRARY OF PITTSBURGH, 4400 
Forbes St., Pittsburgh 13, Pa. 


NEW YORK PUBLIC LIBRARY, New York City. 

U. 5. DEPT. OF AGRICULTURE LIBRARY, 
Office of Librarian, Washington, D. C. 
(Special forms must be secured). 


LIBRARY OF CONGRESS, Washington, D. C. 
JOHN CREAR LIBRARY, 86 East Randolph 
St., Chicago 1, Ill 


Persons who wish to secure copies of articles 
— original sources are unavailable, may 
pply directly to any of the above for copies. 
Full | reference information should accompany 
ets The National Association of Corro- 
sion Engineers offers no warranty of any 
nature concerning these sources, and publishes 
the names for information only. 


NACE will NOT accept orders for pho’ seprint 
or microfilm copies of material not published 
by the association. 
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Zone to low Arctic temperatures of 
Northwest Territories. Site exposure fa- 
cilities, specimens used, site calibration 
(weather records and atmospheric pol- 
lution), use of sites, and administration 
are considered. Metal specimens include 
Cu-Ni alloy steel, stainless steels, Muntz 
metal, Monel, electroplated zinc and 
cadmium on steel, and sprayed zinc and 
aluminum on steel, Paint systems for 
steels include 5 types of priming paint 
and one enamel. A number of different 
building materials are also being tested. 
Photos, graphs, 6 references.—INCO. 

20191 


2.3 Laboratory Methods 
and Tests 


2.3.1; 34.3, 22.5 

A Resume of Procedures for Testing 
and Evaluating Chemical Resistant 
Coatings and Linings. R. S. Foster and 
V. B. Volkening. Dow Chemical Co. 
Corrosion, 15, No. 10, 85-87, 90 (1959) 
October. 

Methods used by Dow Chemical Com- 
pany at its Freeport, Texas plant to test 
coating designed for atmospheric ex- 
posures and linings used for inside tanks 
are described. The need for preliminary 
screening in the laboratory, on location 
testing in plant environments or in proc- 
ess streams. Among the considerations 
important in the selection of linings is 
the availability of technical service from 
the material suppliers. 

A paper presented under the title “Test 
Methods for Chemical Resistant Linings 
and Coatings.” Presented at a meeting 
of NACE Unit Committee T-6A on 
Organic Coatings and Linings for Re- 


sistance to Chemical Corrosion during 
the NACE South Central Region Con- 
ference, New Orleans, October 20, 1958. 

18175 


2.3.5, 3.2.3 

Measurements of Potential/Time on 
Oxide-Coated Aluminum Surfaces. (In 
German.) S. Bloeck. Metall, 13, No. 3, 
196-198 (1959) March. 

It is demonstrated that with potential/ 
time measurements it can be rapidly 
ascertained whether there is on the sur- 
face an oxide or boehmite film present 
and, whether or not, in a given medium, 
this film is corrosion-resistant. Further- 
more, the measurements provide addi- 
tional information concerning the de- 
gree of corrosive effect of media with 
different alkalinities. Potential/time 
measurements also permit the determi- 
nation of whether the oxide films have 
been sealed with sodium silicate, or, 
whether the medium used for corrosion- 
testing contains any inhibitor. It is 
pointed out that the method described 
is not suitable for determining which 
one of the two kinds of film is present. 


—ALL. 17618 


2.3.5 

Measuring Corrosion by the Electrical- 
Conductance Test Method. Eric Ford. 
Corrosion Technology, 5, No. 10, 330- 
331 (1958) Oct. 

Decreases in cross-sectional area of 
specimens due to corrosion are meas- 
ured by decreases in conductance by a 
recording potentiometer with constant 
current flowing through the specimen. 
Long, thin specimens, (0.01 in. thick) 
or wires are most suitable. Removal of 
corrosion products is not necessary and 


NACE BUFFALO CONFERENCE PREPRINTS 


A limited number of preprinted copies of the papers listed below, all from the 
NACE 1961 Conference in Buffalo, are available for sale at $1 per copy postpaid. 
Add 65¢ for book post registry to addresses outside the U.S., Canada and Mexico. 


Paper Title and Author 
No. 
inery Corro- 


Redox on Ref rro 
and W. B. 


by C. B. Hutchison 
Hughes 


Effect of 


3 Painter Safety, by L. S. Hartman 


23 Versamid-Epoxy Coatings—Corrosion 
Applications by Harold Wittcoff, Don 
Floyd, David W. Glaser and Conald 

L Andersen 


Protective Coatings for High Tempera- 
ture Service, by Gatewood Norman. 


A Method for 
Embrittlement of Tant r 
Media, by C Bishop 
Stern. 


Prevention of Hydrogen 
1 in Aqueous 
and Milton 


Oil Production Equip- 
Molina and F. W. 


Titanium- 
ment by 
Jessen 
The Casing Inspectio 
ment for the In Situ 
ternal Casing Corrosion 
by T. R. Schmidt 


in Oil 


for Design of Aluminum Alloys 
Temperature Water Service 
Dillon and H. C. Bowen. 
Inhibition Studies in Reactor Decon- 
taminants, by Ronald D. Weed. 


3 The Use of Pipe-To-Soil 
Analyzing Underground Cor 
lems, by Bernard Husock 


Potential 
osion Pr 


Paper Title and Author 


No. 


54 The Electrochemical Approach to Cavi- 
tation Damage and Its Prevention, by 
H. S. Preiser and B. H. Tytell. 


Corrosion of Superalloys at Pe Tem- 
peratures in the Presence of ontami- 
nating Salts, by A. Moskowitz and L. 


Redmerski. 


Iron Sulphate for Condenser Tube Con- 
trol, by T. W. Bostwick. 


Plastic Pipe Systems For Corrosion Re- 
sistance, by Allyn E. Webb and R. W. 
Johnson 


7 A New Design 
Tanks, by W 
Humphrey. 


for Reinforced Plastic 
Wardrop and F. H. 


70 Theory and Application of Deep Ground 
Beds, by J. F. Tatum. 


Against 
Tenry 


Shot 
Stress 
Suss. 


Peening for Protection 
Corrosion Cracking, by 


78 Corrosion Measuring Sensors for Ships, 
by David Roller, Wilard R. Scott, fr 
Herman S. Preiser and Frank E. Cook. 


Cavitation 
Materials, by J. 
Kallas, C. K. Chatten and E. 


ran, Jr. 


Erosion and Behavior of 
Z. Lichtman, D. H. 
P. Coch- 


85 Gasketing For Corrosive Service, by 


Chas. M. Hobson, Jr. 


Send orders and remittance to: NACE, 1061 M & M Bldg., Houston 


2, Texas, USA. 
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very low corrosion rates can be meas- 
ured accurately—MA. 18756 


2.3.9 

Use of Radioisotopes in Studying 
Metal Corrosion and Passivation. (In 
Russian.) I. V. Krotov. Uspekhi Khim. 
(Advances in Chemistry), 27, No. 5, 
643-667 (1958) May. 

Subjects of review are: mechanism 
of exchange between labeled ions in so- 
lution and metal surfaces; isotopic tracer 
studies of metal-cleaning processes; use 
of stable and radioactive isotopes in 
studying certain corrosion processes; 
tracer uses in corrosion inhibitor mecha- 
nism studies; tracer studies on phos- 
phate coatings on metals; and use of 
autoradiography in studying the proper- 
ties of metal surfaces. (auth)—NSA. 

18816 


2.4 Instrumentation 


2.4.2, 5.3.4 
Electrode ——- Testing. J. H. 
Bender, Jr., J. Dutli and P. D. Ed 
wards. Los P Masi Scientific Lab. Non- 
destructive Testing, 18, 99-102 (1960) 
ee 
\ description is presented of the de- 
velopment and some applications of a 
nondestructive test for ionic surface in- 
clusions in metals, and for pores through 
an electroplate or cladding. The prin- 
ciple upon which this test method is 
based involves the electrode potential 
differences that exists between dissim- 
ilar ionic materials when immersed in 
a suitable electrolyte. The so-called 
“local action” that takes place in the 
vicinity of an inclusion or pore produces 
an electric field with considerable spa- 
tial distribution which may be rather 
easily detected. (auth.)—NSA. 20006 


2.4.3 

Unconventional Methods. J. Cole. Ful- 
mer Research Inst. Nuclear Eng., 4, 
454-455 (1959) Dec. 

A method for the assessment of cor- 
rosion damage by non-destructive test- 
ing is discussed. The deterioration of 
the specimen with time is measured 
under a comparatively light load in a 
four-point loading jig. The deflection 
under the loading is then measured and 
the effective thickness of the specimen 
calculated from the deflection. The in- 
spection of enamel finishes by a high- 
frequency vacuum probe is discussed. A 
method of spreading cellulose acetate on 
a polished surface and subsequently ex- 
amining the plastic replica of the surface 
under transmitted light can reveal the 
early stages of crack formation.—NSA. 

20297 


2.4.2, 8.4.5 

A Sampling Device for Molten-Salt 
Systems. W. B. McDonald and J. L. 
Crowley. Oak Ridge National Lab. U.S. 
Atomic Energy Commission Pubn., 
ORNL-2688, March 21, 1960, 5 pp. 
Available from Office of Technical Serv- 
ices, U. S. Department of Commerce, 
Washington, D. C. 

Design and use of a sampling system 
which permits the removal of operating- 
fluid samples from a forced-circulation 
corrosion-testing loop while the loop is 
in operation are described. The device 
is mounted over the one free surface of 
the fluid and utilizes a dip tube which 
can be inserted into the liquid and re- 
moved without contaminating the inert 
cover gas of the system, (auth.)—NSA. 
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Can be applied to virtually any surface or contour 
to give superior, low cost protection against 
high-temperature corrosion. GAR-LINE 
Penton Tank Linings are replacing and out- 
performing more expensive materials in an 
ever-increasing number of applications. 
Serviceable at temperatures up to 280°F, these 
efficient linings embody outstanding tensile 
strength, excellent dimensional stability and 
low water absorption. Chemically, they resist 
bleaching agents, solvents, plating solutions 
... in fact, all inorganic acids except fuming 
nitric and fuming sulfuric. 

Applied by carefully selected and authorized 
applicators. The experience of these tank lin- 
ing experts guarantees satisfactory GAR- 
LINE Penton installation, prevents expensive 
failure due to improper application. Approved 
applicators include: 

ABRASION & CORROSION ENGRS. HANSZEN PLASTICS COMPANY 


GAR-LINE 
PENTON 
TANK LININGS 


for High-Temperature 
Corrosion Proofing 


Tailored to your 

specific needs, GAR-LINE* 
Penton** Linings can be 
applied to a variety of 
complex shapes as shown in 
these photos, 


1205 N. McMasters Street 
Amarillo, Texas 

ATTBAR PLASTICS 

1107 Northeast 106th Street 
Vancouver, Washington 


BARTHEL CHEMICAL CONST. 
CO., INC 


P. 0. Box 1025, Tacoma 1, Wash. 
BITTNER INDUSTRIES, INC. 
91 Diaz St., P. 0. Box 10265 
Prichard, Alabama 
BUCKLEY IRON WORKS 
21 Christopher St., Dorchester, Mass. 
BUFFALO LINING & 
FABRICATING CORP. 
73 Gillette Ave., Buffalo 14, N.Y. 
CEILCOTE COMPANY, INC. 
4832 Ridge Rd., Cleveland 9, Ohio 
CHEMICAL PROOF OF SEATTLE 
625 Alaska Ave., Seattle, Wash. 
ELCHEM ENGRG. & MFG. LTD. 
P. 0. Box 249 
Burlington, Ontario, Canada 
ELECTRO CHEMICAL ENGRG. 
& MFG. CO. 


750 Broad St., Emmaus, Penn. 


THE FABRI-FORM COMPANY 

P. 0. Box 125, Byesville, Ohio 
FLORIDA CORROSION CONTROL 
P. 0. Box 10082, Jacksonville 7, Fla 
THE FORTUNE COMPANY 

1100 W. 37th St.—North 

Wichita 14, Kansas 

GALIGHER COMPANY 

545 West 8th-S., Salt Lake City, Utah 
GATES RUBBER COMPANY 
Denver, Colorado 

GOLDEN PLASTICS CORP. 

333 East 8th St., Oakland 6, Calif. 
GOODALL RUBBER COMPANY 
2050 N. Hawthorne Avenue 
Melrose Park, Illinois 


835 S. Good-Latimer Exprw. 
Dallas, Texas 


HEIL PROCESS EQUIPMENT CORP. 
12901 Elmwood Ave., Cleveland 11,0. 
HUNTINGTON RUBBER MILLS 


of Port Coquitlam 
B.C., Canada 


INNER-TANK LINING CORP. 
4777 Eastern Ave., Cincinnati 26, 0, 


MAURICE A. KNIGHT 

Kelly Ave., Akron 9, Ohio 
MERCER RUBBER CORPORATION 
Highway 46, Cor. Huyler 

Little Ferry, New Jersey 
METALWELD, INC. 

Scotts Lane & Abbottsford Rd. 
Philadelphia 29, Pennsylvania 
PARKER BROTHERS, INC, 
7044 Bandini Blvd. 

Los Angeles 22, California 


PLASTIC APPLICATORS, INC. 
7020 Katy Road, P. 0. Box 7631 
Houston 7, Texas 


PROTECTIVE COATINGS 
1602 Birchwood Ave., Ft. Wayne, Ind. 


ROANOKE BELTING & RUBBER CO. 
P.O. Box 1593, 345 Center Ave., N.W. 
Roanoke 7, Virginia 

RUBBER ENGINEERING & MFG. CO. 
P. 0. Box 2335, Salt LakeCity 10, Utah 
RUBBER MILLERS, INC. 

707 S. Caton Ave., Baltimore, Md. 
ST. LOUIS METALLIZING CO. 
625 S. Sarah St., St. Louis 10, Mo. 
L. H. SHINGLE CO. 

1300 Walnut St., Camden 3, NJ. 
STEBBINS ENGRG. & MFG. CO. 
Watertown, New York 

WILLOW RUN RUBBER COMPANY 
12575 Haggerty St., Bellville, Mich, 


Investigate GAR-LINE Penton Tank Linings 
as the answer to your corrosion problems. For 
more information, contact the applicator 
nearest to you. Or, write for data on Penton; 
information also available on Teflon{ linings 
for Anti-Stick or corrosive applications. 
Special Products Dept., Garlock Inc., P. O. 
Box 612, Camden 1, New Jersey. 

*Garlock Registered Trademark 


**Registered Trademark, Hercules Powder Company 
+tRegistered Trademark, The DuPont Company 
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2.4.3, 2.3.6 

Non-Destructive Determination of 
Anodic Film Thickness by Means of In- 
terference Microscopy. (In German.) G. 
Elssner. Aluminium, 35, No. 4, 202-204 
(1959) April. 

Zeiss interference microscope is de- 
scribed and its use for measuring anodic 
film thickness, together with the under- 
lying physical principles, are explained. 
It is demonstrated that this non-destruc- 
tive method is rapid, accurate and pro- 
vides information not only on film thick- 
ness alone, but also on variations in 
thickness, surface characteristics and de- 


fects. The lower limit of the measuring 
range is 0.8 4—ALL. 17760 


2.4.3, 3.8.4, 3.5.8 

Can “Exothermic” Electrons be Used 
for Non-Destructive Testing? (In Ger- 
man.) E. Schmid and K._ Lintner. 
Schweiz. Arch. angew. Wiss. Techn., 
24, No. 3, 79-89 (1958). 

Cold work causes very low-energy 
electron emission from ionic crystals on 
metal surfaces. The emission, originally 
believed to be due to some exothermic 
reaction, is related to luminescence phe- 
nomena and is now known to be due to 
the semi-conductive properties of oxide 
films. The instruments used to detect 
the emission are described. The phe- 
nomenon can be employed in studying 
the presence, nature, thickness and age 
of non-metallic surface films, true sur- 
face area, surface roughness and surface 
activity. The emission is stimulated by 
deformation and in fatigue the strain at 
which it first appears is much less than 
in static tests. Rapid assessment of the 
fatigue limit may be possible by observ- 
ing the effect. The location of a final 
fatigue failure was detected after less 
than half the ultimate life of the speci- 
men in bending-fatigue tests on alumi- 
num strip. 41 references.—MA. 17839 


2.4.3, 5.4.5 

Assessment of the Porosity of a Pro- 
tective Anti-Corrosion Coating. (In 
French.) G. Blet. Mém. sci. Rev. Mét., 
56, No. 1, 41-46 (1959). 

Conductivity of paint coatings on 
phosphatized iron, as measured by the 
porosity meter described, are correlated 


with the rates of corrosion in salt-spray. 
The results are in good agreement. The 
advantages claimed are that the effec- 
tiveness of a coating can be assessed 
very quickly, and, since it is non-destruc- 
tive, the porosimeter can be applied to 
finished assemblies —MA. 19672 


2.4.2, 3.5.4 

A Device for the Investigation of the 
Corrosion and Electrochemical Behavior 
of Metals under the Action of Ionizing 
Radiation. (In Russian.) I. L. Rozenfel’d 
(Rosenfel’d) and Ye. K. Oshe. Zavod- 
skaya Lab. (Factory Lab.), 24, 346-348 
(1958). English Translation of Journal 
Available from: Instrument Society of 
tala 313 Sixth Ave., Pittsburgh 22, 

a. 

A description is given of an electroly- 
tic cell which is used to determine the 
effect of ionizing radiation of the corro- 
sion and electrochemical behavior of 
metals. The metals being investigated 
are used as anode and cathode. A meas- 
urement of the amperage indicates the 
course being taken by the corrosion. 
The investigation shows that irradiation 
of a cathode sample causes corrosion to 
increase rapidly, but irradiation does not 
increase the corrosion of an anode sam- 
ple. Data from measurements on zir- 
conium-iron are given.—NSA. 18929 


2:43, 3.2.2, '6,2:5 

A Nondestructive Test for Intergran- 
ular Corrosion in Stainless Steel. R. C. 
Robinson. Am. Soc. Testing Materials, 
Special Technical Pubn. No. 223 (“Sym- 
posium on Nondestructive Tests in the 
Field of Nuclear Energy”), 112-118, 
1958. Available from the Society, 1916 
Race Street, Philadelphia 3, Pa. 

Variations in resistivity of sound and 
corroded samples of tubing allow accu- 
rate determination of extent of corro- 
sion.—MR. 19022 


2.4.2, 2.3.6, 6.4.2 

Measurement of Anodic Films on 
Aluminium. (In German.) W.  Illig. 
Metalloberflache, 13, No. 2, 33-35 (1959) 
Feb. 

An apparatus developed for measur- 
ing the thickness of anodic oxide films 
on aluminum is described. Light incident 
at a 45° angle is split up into two beams: 


Materials Deterioration 
in the Atmosphere 


The Mechanism by Which Non-Ferrous Metals Corrode 
in the Atmosphere by P. M. Aziz and H. P. Godard, 
Aluminium Laboratories, Ltd., Kingston, Ont. 


Mechanisms of Atmospheric Corrosion of Ferrous Metals 
by C. P. Larrabee, Applied Research Laboratory, U. S. 
Steel Corp., Monroeville, Pa. 


Principles and Procedures Employed in the Design and 
Interpretation of Atmospheric Corrosion Tests by H. R. 
Copson, Research Laboratory, The International Nickel 


Co., Inc., Bayonne, N. J. 


Deterioration of Materials in Polluted Atmospheres by 
J. E. Yocum, Bay Area Pollution Control District, San 


Francisco, Cal. 


REPRINT PRICES. (Postpaid, except to addresses outside United States, Canada and 
Mexico, when additional 65 certs for book post registry must be added) Per copy, $2. 
Ten or more copies to one address, $1. For larger quantities write for quotation. National 
Association of Corrosion Engineers, 1061 M & M Bldg., Houston 2, Texas. 
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one being the result of surface reflec- 
tion, while the other is due to refraction 
when the light is entering and leaving 
the oxide layer and is reflected at the 
metal-oxide interface. The doublet thus 
formed may be viewed in a _ special 
microscope, and the thickness S of the 
film can be determined by the formula 
S = S’V2n*—1, where S’ is the spacing of 
the light beams, and n is the index of 
refraction. Assigning to anodic oxide 
films a median value of n=1.6, S = 29S’. 
Thus, a rapid, non-destructive method 
of film thickness measurement is pre- 
sented.—ALL. 17709 


2.4.3, 8.8.5 

Following the Sintering Processes of 
Mixture with at Least One Magnetic 
Component Using the Alternating Field 
Method. F. Fraunberger and A. Kulb. 
Z. Metallkunde, 50, No. 3, 179-181 (1959) 
March. (In German.) 


Presents simple method to control sin- 
tering process in cases where determina- 
tion of concentration distribution max- 
ima and evaluation of sintering time are 
sufficient. Instead of usual procedure of 
measuring Curie temperature for this 
purpose, more accurate determination of 
Hopkinson temperature, which is also 
linear function of concentration, is pro- 
posed. Example of application of method 
to nickel-copper alloys (containing up 
to 33 copper) is discussed. Graphs.— 
INCO. 17685 


3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.8 Miscellaneous Principles 


3.8.4, 3.2.3 

Adsorption and Oxide Formation on 
Aluminum Films. D. D. Eley and P. R. 
Wilkinson. Proc. roy. Soc., A, 254, 327- 
342 (1960) Feb. 23. 


Films deposited at 0° C were stable 
and with a certain porosity; H: and N2 
were not chemisorbed, N-O and NO 
reacted giving surface oxide, C-H, gave 
a slow reversible adsorption and CO 
gave a slow irreversible adsorption. The 
kinetics of oxygen uptake were followed 
in the range 10° to 10° mm mercury 
pressure.—LMB. 20067 


3.8.3, 6.3.14 

Corrosion Studies. Pt. 8. Passivity of 
the Sn75-Zn Alloy. (In German.) M. 
Prazak. Collection Czechoslov. Chem. 
Communs., 25, 1126-1131 (1960) April. 


Investigations were made of the origin 
of the easy passivation and good corro- 
sion stability of a galvanic alloy of the 
type 75% Sn-25% Zn. The potentiostatic 
polarization curve of this heterogeneous 
alloy was compared with its components 
in 1 M NaOH. The potential range of the 
corrosion of tin and zinc in the active 
state is such that both phases mutually 
reduce their solution velocity and there- 
fore reduce the critical passivation cur- 
rent of the alloy. The electrochemical 
behavior of the galvanic alloy does not 
correspond to the presence of tin and 
zinc as independent phases and is ex- 
plained by a passive layer of another 
composition existing on the independent 
metals. This layer exhibits in the pas- 
sive state a low correston current which 
together with the low critical passivation 
current explains the good corrosion be- 
havior of the alloy. (tr-auth)—NSA. 
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3.8.2 

Electrochemical Behavior of the 
Palladium-Hydrogen System. Pt. II. 
Thermodynamic Considerations. Gilbert 
W. Castellan, James P. Hoare and Sig- 
mund Schuldiner. J. Chem. Physics, 28, 
No. 1, 20-21 (1958). 

Thermodynamic relationships between 
the potentials of the palladium-hydrogen 
alloys and the known equilibrium prop- 
erties of the system Pd-Hgas, are derived 
and discussed. A value of 0.048 V. for 
the potential of the saturated @-alloy de- 
rived from the gas-phase data agrees 
quite well with the observed value of 
0.050 V. The spontaneous loss of hydro- 
gen from the electrolytically charged 
alloy, of composition H:Pd ~ 0.6, to 
form an alloy of lower hydrogen-content 
indicates the presence of an unusual free- 
energy situation in this system, for which 
a tentative explanation is offered —MA. 


18851 


3.8.4, 6.3.21 

A Kinetic Study of the Anodic Dis- 
solution of Germanium. (In Russian.) 
E. A. Efimov and I. G. Erusalimchik. J. 
Phys. Chem. USSR (Zhur. Fiz. Khim), 
32, No. 2, 413-417 (1958). 

Anodic dissolution was studied by the 
polarization curve, potential/time curve, 
and anode-efficiency methods in 0.1 N 
hydrochloric acid and sodium hydroxide 
solution at 10°*-10“amp/cm? in N on the 
(111) face of single-crystal, n- and p-type 
germanium. Anodic dissolution of n-type 
germanium at a c.d. of 3 x 10° amp/cm? 
is slower than that of p-type. Anodic 
efficiency is ~100% calculated on the 
basis of tetravalent germanium and no 
gas is evolved. The rate of anodic dis- 
solution of germanium is limited by the 
rate of diffusion of holes from the bulk 
of the semi-conductor towards the sur- 
face. At higher current density there is 
a possibility of oxide formation on the 
germanium surface. A study of the elec- 
trochemical behavior of germanium can- 
not give a true picture of the process 
without considering the type of its con- 
ductivity and the electrical parameters. 


—MA. 19119 


3.8.3, 6.3.8 

Anodic Passivation and Depassivation 
of Lead in Sulphuric Acid. W. Feit- 
knecht. Z. Elektrochem., 62, No. 6/7, 795- 
803 (1958). 

Stages of the formation of lead sulfate 
on a lead anode in sulfuric acid solution 
and the conversion to lead dioxide are 
followed by electron micrographs and 
X-ray diffraction. The following reactions 
occur in the local-cell mechanism: ca- 
thodic 2PbO, + 2H:SO, + 4H* + 4e— 
2PbSO, + 4H:0O; anodic Pb + 2H:0 — 
a-PbO, + 4H* + 4e. The mechanism 
of depassivation is discussed. 24 ref- 


erences.—MA. 18818 


3.8.2, 8.4.5, 3.5.4 

Chemical and Electrochemical Aspects 
of Corrosion in Nuclear Reactor. (In 
German.) G. H. Cartledge. Oak Ridge 
National Lab. Werkstoffe u. Korrosion, 
9, 493-503 (1958) Aug.-Sept. (In French.) 
Corrosion et Anticorrosion, 6, No. 11, 
387-401 (1958) Nov. 

Chemical and electro-chemical aspects 
of the corrosion of metals in reactors are 
considered. After a survey of the electro- 
chemical processes on the phase bound- 
aries between metal protective films and 
the solutions under normal conditions, 
the influences of radioactive radiation on 
these processes and the corrosion re- 
actions caused by the products of nuclear 
fission are discussed. Some results ob- 
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tained at the Oak Ridge National Lab- 
oratory are considered. er te 
188 


3.8.3, 6.4.2, 7.2 

Electrolytic Passivation of Some 
Aluminum Alloys. Paul Charlon and 
Eugene Darmois. Z. Elektrochem., 62, 
794-795 (1958). Chem. Absts., 53, No. 2, 
905 (1959) Jan. 25. 

For the preparation of electrolytic 
valves, aluminum alloys possess advan- 
tages over the pure metal. They permit 
especially the use of neutral electrolytes 
and alternating current. The time im- 
pedance curves obtained on anodic pas- 
sivation at constant current density shows 
a linear relation between time and the 
reciprocal of the current eee 

18852 


3.8.2, 3.8.3, 3.6.8, 6.4.2 

Electrochemical Behavior of an Alu- 
minum Electrode in Titration of Alu- 
minum Ion with a Fluoride. (In Rus- 
sian.) B. N. Kabanov and L. Ya. Polyak. 
Zhur. Anal. Khim. (J. Analytical 
Chem.), 13, 538-544 (1958). Chem. 
Absts., 53, No. 6, 4961 (1959) March 25. 

Polarization curves in the presence and 
absence of F~ revealed that F~ caused a 
shift of 0.3 V toward negative values in 
the stationary potential of the aluminum 
electrode. The same shift was observed 
at the end point when Al*** was titrated 
with sodium fluoride solution by using 
an aluminum-nichrome pair of elec- 
trodes. The F affected only the 
anodic process, i.e., the dissolution of the 
aluminum. In the presence of SO¢ and 
AcO-, F~ caused a shift in the potential 
of the aluminum electrode by affecting 
both the anodic and cathodic processes. 
Anodic polarization in the absence of Cl- 
was accompanied by a shift of potential 
toward positive values, indicating passi- 
vation of aluminum. Thus, Cl” impeded 
passivation. Cl- reduced the hydrogen 
overvoltage. SO, also reduced the over- 
voltage as well as the current density 
at which the passivation rise of the curve 
started. AcO™ reduced the hydrogen 
overvoltage and in the presence of Cl- 
increased the sensitivity of the aluminum 


electrode to F-.—ALL. 18795 
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3.8.4, 3.7.3 

Thermal Regeneration of Nickel, 
Copper and Cobalt After Low-Tempera- 
ture Oxidation. R. M. Dell. J. Phys. 
Chem., 62, No. 9, 1139-1140 (1958). 

Dell reviews previous work on, and 
relevant to, the phenomenon of “thermal 
regeneration” as displayed by nickel, 
copper and cobalt after vacuum heat- 
treatment. Heats of adsorption for oxy- 
gen on these metals vary according to 
their state of aggregation and Dell con- 
cludes that the ability of a supported 
oxide film to reduce its surface free 
energy by recrystallization accounts for 
these and other experimental observa- 
tions. Such recrystallization will be con- 
fined to thin orientated oxide films 
(~ 10-20 A) formed at lower tempera- 
tures and the process probably plays a 
more significant role for nickel than for 


copper or cobalt. 19 references—MA. 
18141 


3.8.4, 6.3.11, 2.3.4 

On the Use of Furnaces in the Meas- 
urement of the Rate of Oxidation of 
Platinum and Other Metals (Molyb- 
denum and Tungsten) Forming Volatile 
Oxides. George C. Fryburg and Helen 
M. Murphy. Trans. Met. Soc., Amer. 
Inst. Mining, Metallurgical Eng., 212, 
No. 5, 660-661 (1958). 

Platinum—and tungsten and molyb- 
denum under certain conditions of high 
temperature and low pressure—forms an 
oxide that volatilizes upon formation, 
so that the surface of the oxidizing metal 
remains bare, and, therefore, when a 
furnace is used to determine the oxidation 
rate the results are too low, since equi- 
librium is attained between the metal and 
its gaseous oxide, the measured rate then 
being determined primarily by the rate 
of removal of the oxide from the furnace 
to colder regions. This degrading effect 
of the hot furnace walls was eliminated 
by resistance-heating thermocouple- 
grade platinum ribbons in a cooled tube 
and collecting the volatilized platinum 
dioxide, dissolving in 12 normal-hydro- 
chloric acid and analyzing colorimetri- 
cally: for platinum. At 1200 C under an 
oxygen pressure of only 150” mercury 
the oxidation rate was 100 mg/dm?*/day, 
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the rate increasing linearly with the pres- 
sure up to approximately 250 yw, when 
the mean free path of the gas molecule 
is approximately the width of the ribbon 
used—0.287 cm. Above this pressure the 
rate starts to fall off from linearity and 
falls off more and more as the pressure 
increases.—MA. 18117 


3.8.4 

Colour of Thin Oxide Films on Metals. 
A. M. MacSwan. Proc. Phys. Soc., 72, 
No. 5, 742-748 (1958). 

Origin of the color is considered, and it 
is suggested that they are due to selective 
transmission into the medium. This trans- 
mission depends on the optical properties 
of both the oxide film and the under- 
lying metal and on the thickness of the 
film. The effect is much more pro- 
nounced with certain metals. The vari- 
ation ot the composition of the reflected 
light with film thickness was calculated 
with a Smith chart—MA. 18094 


3.8.4, 5.9.4, 3.4.8 

Effects of Various Anions on Thick- 
ness and Active-Oxygen Content of 
Nickel Oxide Layers formed by Repeated 
Anodic-Cathodic Cycling; the Specific 
Effect of Chloride Ion and Its Depend- 
ence on the Nature of the Substrate. 
H. K. Embaby and A. A. Moussa, J. 
Chem, Soc., 1958, 4027-4031. 

Effect of fluoride, nitrate, perchlorate 
and chloride on the thickness and active 
oxygen content of nickel oxide layers 
formed by anodic-cathodic cycling on 
nickel and platinum in a_ nickel salt 
solution was investigated. At concentra- 
tions of 10° — 107° Normal, the first 
three anions had no effect. Chloride at 
or above 0.02 Normal increased the layer 
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thickness on the nickel substrate con- 
siderably and prevented the formation 
of free oxygen almost completely. On 
the platinum substrate there was no 


effect.—EL,. 18029 


3.8.2, 5.3.4, 2.3.5 

Mechanism of Electrolytic Deposition 
and Solution of Solid Metals. Pt. II. 
Processes Occurring During Galva- 
nostatic Switch-On at Silver Electrodes 
and the Kinetics of Crystal Growth. 
Heinz Gerischer. Z. Elektrochem., 62, 
No. 3, 256-264 (1958). 

Course of the time/potential curve at 
silver electrodes in M-silver perchlorate 
plus perchloric acid at switch-on is 
followed oscillographically. The drift of 
ions through the barrier layer and the 
deposition or dissolution of silver are two 
experimentally separable reactions. Total 
reaction takes place with adsorbed atoms 
as an intermediate stage. At 25 C these 
are ~1% of an at. layer. The reaction 
enthalpy for the formation of adsorbed 
atoms is ~10.5 kcal/mole. Adsorbed- 
atom bonds have considerable ionic 
character. The rate of crystal deposition 
is three orders of magnitude slower than 
that of the ion drift. 10 references.—MA. 

18761 


3.8.2, 6.4.2 

Dissolving of Aluminum in Sodium 
Hydroxide. (In Italian.) Elio Scarano. 
Ricerca sci., 28, 1894-1901 (1958). Chem. 
Absts., 53, No. 8, 6830 (1959) April 25. 

Effect of stirring on the potential of 
99% aluminum in deaerated 0.1 N sodium 
hydroxide was examined. When the 
sample was horizontal and faced down- 
ward, it became 8-10 mv. more cathodic 
when stirring was stopped; but after one 
minute the charge reversed and after 30 
minutes the potential became constant at 
a value 50 mv. more anodic than in the 
stirred solution. When stirring was re- 
sumed, there was a transitory anodic 
jump of 10 mv., after which during 30 
minutes, the potential returned to the 
value it had before stirring was inter- 
rupted. When the sample faced upward 
or was vertical, the potential changes 
were slight. These observations were 
attributed to reactions that consumed 
OH- faster than H* in the vicinity of 
cathodic impurities, and hence in the 
absence of agitation lowered the pH. 
Thus, the cathodes were depolarized and 
the anodes polarized, and the sample be- 
came more cathodic. When the pH had 
fallen sufficiently, a film of Al(OH)s 
formed. This shifted the potential anod- 
ically, since it encroached on the smaller 
cathodes, whereas its permeability to 
aluminum ions permitted anodic solution 
to continue. Corrosion continued in pits 
adjacent to the largest cathodes, where 
hydrogen evolution was strong enough 
to prevent coverage by Al(OH)s. When 
stirring was resumed, the pH in the pits 
rose, further polarizing the cathodes and 
making the sample still more anodic. 
Gradually, as the film dissolved, the 
original potential was restored. On a 
vertical surface, agitation by hydrogen 
evolution prevented film formation.— 
ALL. 18951 


3.8.4, 3.5.9, 4.3.2, 3.4.9 

High-Temperature Reaction Rates of 
Several Metals with Hydrogen Chloride 
and Water Vapor. Milton Farber. J. 
Electrochem. Soc., 106, 751-754 (1959) 
Sept. 

An experimental study has been made 
of the high-temperature reaction rates of 
various metal filaments with HCl and 
water vapors and mixtures of the two. 
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Measurements were made by an electrical 
method in which the change in resistance 
of the metal filament was related to the 
loss in pure metal due to the vapor-metal 
reaction. Measurable reaction rates were 
determined for both nickel and iron in a 
temperature range from 1000 to 1600 K. 
Specific reaction rate constants and ap- 
parent activation energies are presented. 
The reaction rates of tungsten with water 
vapor were measured in a temperature 
range from 1600 to 2000 K. The reaction 
rates of chromium, Inconel, stainless steel 
18-8, and tungsten did not proceed at a 
measurable rate in either pure HCl or in 
mixtures of HCl and water. Nickel, cop- 
per, Inconel and stainless steel 18-8 did 
not react appreciably with water vapor at 
temperatures approaching the melting 
points. The reaction rates for iron in pure 
HCI varied from 0.03 to 0.04% area loss 
per second over the temperature range 
investigated with an apparent activation 
energy of 10.5 kcal/mole. The reaction 
rates of iron in mixtures of HCl and 
water varied from 0.08 to 0.17% area loss 
per second in the same temperature range 
with an apparent activation energy of 
8.5 kcal/mole. Reaction rates of nickel 
in pure HCl varied from 0.005 to 0.03% 
area loss per second in the temperature 
range of 1000 to 1600 K with an apparent 
activation energy of 13 kcal/mole. The 
reaction rates of nickel in the HCl and 
water mixtures varied from 0.004 to 
0.03% area loss per second in the same 
temperature range with an apparent ac- 
tivation energy of 22 kcal/mole below 
1300 K and 13 kcal/mole above this tem- 
perature. Reaction rates of iron in water 
vapor varied from 0,002 to 0.05% area 
loss per second from 1120 to 1415 K with 
an activation energy of 28 kcal/mole. 
Reaction rates of tungsten in water vapor 
varied from 0.02 to 0.03 area loss per 
second from 1700 to 2000 K with an ac- 
tivation energy of 14.5 kcal/mole. 19183 


3.8.2, 3.5.9 

Measurements of Electrochemical 
Quantities at Temperatures up to 300 C 
at Equilibrium Pressures. Vilem Prazak. 
Werkstoffe u. Korrosion, 9, No. 8/9, 524- 
526 (1958). 

An apparatus is described for meas- 
uring the change of potential with tem- 
perature of HgCl|N-KCl, AgCl|N-KCl 
and MgCl|saturated NaCl electrodes. 
The latter changes only slowly with tem- 
perature, and a high-temperature elec- 
trode based on this system is developed. 
It can be used up to 200 C; its normal 
potential is +189 mV at 25 C and +179 
+2 mV at 200 C—MA. 18926 


3.8.4, 5.9.4 

Kinetics of Nitridation of Calcium. 
M. W. Roberts and F. C. Tompkins. 
Proc. Roy. Soc., (A), 251, No. 1266, 369- 
377 (1959). 

Measurements—by a constant-pressure 
technique—of the kinetics of the re- 
action of N with sintered, evaporated Ca 
films at 23-200 C give results consistent 
with a modified Mott and Cabrera theory 
of thin-film formation, the rate, dx/dt, 
being controlled by the mobility of the 
Ca ions through the nitride lattice, under 
the influence of the p.d. set up between 
the metal and chemisorbed N at the 
nitride surface. dx/dt & p, the pressure, 
suggesting a reversible adsorption to 
form a “surface complex” N:~. The acti- 
vation energy © the reciprocal of the 
thickness of the nitride layer; the critical 
temperature below which the film grows 
to its limiting thickness and above which 
the reaction proceeds unrestricted until 
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all the Ca has reacted, is 162 C. The frac- 
tion of the total number of metal sites/ 
unit-area-interface from which the Ca 
ions move into the nitride layer is ~ 


10°-10°.—MA. 19433 


3.8.4, 3.8.3 

Study of the Passivity of Metals in In- 
hibitor Solutions Using Radioactive 
Tracers. Pt. II. The Mechanism of Film 
Growth. O. Kubaschewski and D. M. 
Brasher. Trans. Faraday Soc., 55, No. 7, 
1200-1206 (1959) July. 

A linear relation exists between film 
thickness and the log. of growth time of 
very thin oxide fiims (<< 30 A) formed 
yn steel and iron in air and in chromate 
solution at room temperature. This re- 
lation can be explained by postulating 
that electron transfer through the film is 
the rate-determining step. 10 references. 
—MA. 19268 


3.8.4, 6.3.21, 3.5.9 

Kinetics and Mechanism of High- 
Temperature Oxidation of Rhenium in 
the Recrystallized and Cold-Worked 
States. (In Russian.) V. A. Lavrenko. 
Inst. of Metals Ceramics and Special 
Alloys, Academy of Sciences, Ukrainian 
S.S.R. Dopovidi Akad. Nauk Ukr. R.S.R., 
No. 11, 1216-1220 (1958). 

Temperature dependence equation of 
the linear oxidation rate constants is 
calculated for the recrystallized and cold- 
worked states (t= 400 to 725 C). The 
slowest stages of the process are the 
kinetically indivisible stages of the elec- 
trochemical formation of rhenium oxides 
and their subsequent vaporization. (auth) 


—NSA. 19289 


3.8.2, 3.8.4, 6.3.11 

Exchange Between Metals and Their 
Ions in Solution. Cecil V. King and 
Nancy E. McKinney. Canad. J. Chem., 
37, No. 1, 205-212 (1959). 

Mechanisms by which a metal can ac- 
quire radioactivity when immersed in 
tracer solution of its ions are discussed, 
consideration being given to the roles of 
exchange current, adsorption, local-cell 
electrolysis, corrosion, and self-diffusion 
within the metal. Results with silver are 
presented and the importance of internal 
diffusion is shown.—MA. 19264 





3.8.4, 5.9.4 

Faraday’s Law and Anodic Dissolu- 
tion of Metals. Pts. III and IV. (in 
French.) Michel Froment. Corrosion et 
Anticorrosion, 7, Nos. 3, 4, 98-109, 134- 
145 (1959) March, April. 

Pt. III. Anodic dissolution of metals 
by baths containing magnesium per- 
chlorate, ethyl alcohol, perchloric acid, 
acetic anhydride and sodium chloride 
aqueous solutions. 14 references. 

Pt. IV. Electropolishing of aluminum 
and aluminum-nickel, and the effect of 
surface state on the initial valence, are 
discussed. A conclusion from the study 
as a whole is that abnormal (from Fara- 
day-law considerations) anodic dissolu- 
tion is not confined to aluminum and 
magnesium, as uranium, titanium, 
lanthanum, cerium, zinc and beryllium in 
solution can also pass to the unstable-ion 
state. 19160 


3.8.4, 4.3.2, 6.3.21 

Kinetics of the Oxidation of Cerium 
(III) by Concentrated Nitric Acid. R. W. 
Johnson and D. S. Martin, Jr. Iowa 
State College, Ames. J. Inorg. & Nuclear 
Chem., 10, 94-102 (1959) April. 

Oxidation of Ce* by concentrated 
nitric acid solutions was shown to be a 





CORROSION ABSTRACTS 





reversible reaction. The kinetics for the 
oxidation at 90 to 110 C in 12 to 16 N 
nitric acid were studied by a procedure 
in which volatile oxides of nitrogen were 
swept away by inert gas. The kinetics 
were consistent with an electron transfer 
reaction between Ce* and NO,.*, first 
order in each reactant. An over-all ac- 
tivation energy for the process of 8 kcal 
was indicated. (auth)—NSA. 19250 


3.8.4 

Two-Stage Self-Sustained Reaction 
Between Molybdenum and Potassium 
Permanganate: Kinetics of the First 
Stage. R. A. W. Hill and J. N. Welsh. 
Trans. Faraday Soc., 55, No. 2, 299-305 
(1959). 

Chemical kinetics of the first stage of 
the reaction were obtained between 25 
and 110 C by the temperature-profile 
method. The observed activation energy 
decréases with temperature, and it is de- 
duced that there is a single reaction path 
with a succession of energy barriers. At 
least three such barriers are involved: 
the first is >17, the second approxi- 
mately 17, and the third is 9 kcal. It is 
proposed that the first stage of the re- 
action involves only those MnO, ions 
suitably placed at the boundaries of 
the mosaic blocks and reaction occurs 
between these and molybdenum atoms 
which have diffused through the per- 
manganate lattice —MA. 19223 





3.8.4, 3.6.5, 6.3.11 

Electrode Potentials of the Palladium- 
Hydrogen System. T. B. Flanagan and 
F, A. Lewis. Trans. Faraday Soc., 55, 
No. 8, 1409-1420 (1959). 

Hydrogen was absorbed from 2N sul- 
furic acid and 2 N hydrochloric acid 
solutions into cold-drawn and annealed 
palladium wire. Electrode potentials were 
measured in the range [H]/[Pd] =0 
to [H]/[Pd] = 0.69. Hydrogen content 
was determined simultaneously by meas- 
uring the relative resistance R/Ro of the 
palladium wire. Several methods of pre- 
activating the wire surface were investi- 
gated. Agreement was found between 
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the free energies of solution of hydrogen 
in palladium calculated from electrode 
potentials and from gas-phase isotherms. 
A free-energy difference between elec- 
trically charged and gas-phase saturated 
palladium hydrides cannot be supported. 
—PMR. 19126 


3.8.4, 4.7, 4.6.1 

Sodium-Water Reaction Rate Studies. 
L. Corrsin, H. Steinmetz and B. Marano. 
Nuclear Development Corp. of America. 
U. S. Atomic Energy Commission Pubn., 
NDA-84-19, May 15, 1959, 32 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

Experimental techniques have been 
developed and kinetic experiments have 
been performed in a sodium-water reac- 
tion study undertaken to provide experi- 
mental data on the chemical reaction 
considerations associated with the SDR. 
Experimental techniques developed for 
the study of the reaction rate of liquid 
sodium droplets with liquid water and 
with steam are described. Results of 
kinetic experiments on the reaction of 
sodium with water and deuterium oxide 
are presented. (auth)—NSA. 19073 



































3.8.4, 6.4.2 

Diffusion of Corrosion Hydrogen in 
Aluminum Alloys. W. E. Tragert. J. 
Electrochem. Soc., 106, No. 10, 903-904 


(1959) Oct. 


Absorption of hydrogen into aluminum 
and consequent corrosion is inhibited in 
1% nickel alloy by the reduced perme- 
ability to hydrogen of the corrosion prod- 
uct film rather than local cathodic dis- 
charge of hydrogen—RML. 18632 
















3.8.3, 6.3.11 é 

Kinetics of Chlorine Ion Oxidation on 
Platinum. (In Russian with English 
Summary.) G, A. Tedoradze. J. Phys. 
Chem., USSR (Zhur. Fiz. Khim.), 33, 
No. 1, 129-136 (1959). 

Polarographic and polarization curve 
methods were used to show that the 
limiting stage for all processes occurring 
in the anodic polarization of platinum 
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in hydrochloric acid is the discharge of 
the chlorine ions. A possible mechanism 
for the oxidation of chlorine is proposed 
and the retarding effect of oxygen ad- 
sorbed on the electrode surface is con- 


sidered.—PMR. 18572 











3.8.4, 3.6.5, 3.6.8 

Electrochemical Kinetics of the An- 
odic Formation of Oxide Films. Pierre 
Van Rysselberghe and Herman A. Jo- 
hansen. J. Electrochem. Soc., 106, No. 
4, 355-358 (1959) April. 

Potential difference between a metal 
and a solution across an oxide film is 
divided into three contributions: (i) the 
difference at the metal/oxide boundary; 
(ii) the difference at the oxide/solution 
boundary; and (iii) the difference across 
the oxide. (i) and (ii) are both subject 
to activation overpotential. For one or 
other of the boundaries the case of lin- 
earity of overpotential with log. current 
(in the range of high currents) or the 
proportionality of overpotential with 
current (for small currents) is examined 
and data for titanium, hafnium and tan- 
talum are analyzed in terms of the 
theory. Numerical values are obtained 
for thickness of an interphase, exchange 
current, p.d., and electrical field at zero 
current. 11 references.—MA. 18583 



















3.8.4, 6.3.20 

Kinetics of Formation of Anodic Ox- 
ide Films in Zirconium. [L. Young. 
Trans. Faraday Soc., 55, No. 4, 632-642 
(1959). 

Constant-current kinetics were studied 
by a_spectrophotometric method _ to 
measure the thickness. Average field 
strength in the oxide increases appre- 
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ciably with increasing oxide thickness 
at constant ionic current density. Esti- 
mates of activation energy and “half- 
jump distance” increase with thickness 
and temperature. Zirconium does not 
have an overshoot in field strength when 
the external current is suddenly changed. 
A model explaining these facts is de- 
scribed. 22 references.—MA. 18652 


3.8.3, 6.4.2 

Studies of the Structure of Anodic Ox- 
ide Films on Aluminum, Pt. I. D. J. 
Stirland and R. W. Bicknell. J. Electro- 
chem. Soc., 106, No. 6, 481-485 (1959) 
June. 

Influence of the formation voltage on 
the structure of nonporous anodic alum- 
inum oxide films has been studied by 
electron microscope and electron dif- 
fraction methods. It has been shown that 
low formation voltages (< 100 V.) pro- 
duce an amorphous oxide layer, whereas 
high formation voltages produce amor- 
phous oxide together with some crystal- 
line y-alumina. The location of this 
crystalline oxide within the anodic layer 


is discussed. (auth)—ALL. 18608 


3.8.4, 6.3.15, 6.3.20, 6.3.21, 3.5.9 

Oxidation of Titanium, Zirconium and 
Hafnium. G. R. Wallwork and A. E. 
Jenkins. New South Wales Univ. of 
Tech., Sydney. J. Electrochem. Soc., 106, 
No. 1, 10-14 (1959) Jan. 

A metallographic study of the high- 
temperature oxidation of titanium, zir- 
conium and hafnium has shown that 
alterations in the rate equations relating 
to such processes may be associated with 
the establishment of oxygen diffusion 
gradients in the surface layers of the 
metal. It has been shown that these dif- 
fusion gradients in the metal extend in 
depth during an initial period in which 
the total rate of oxidation is given by the 
familiar parabolic equation. Subsequent 
changes in oxidation behavior have been 
related to observed alterations in the 
form of these gradients. (auth)—NSA. 
18589 


3.8.4 

Theory of Formation of High Resist- 
ance Anodic Oxide Films. L. Young. 
Canadian J. Chem., 37, No. 1 276-285 
(1959) Jan. 

Various models are considered for the 
growth of anodic oxide films (metal ions 
mobile). In general, a transition is ex- 
pected, as the thickness of the film is 
increased from control by the metal/ox- 
ide interface (Cabrera and Mott) with 
very thin films to control by the move- 
ment of ions through the body of the 
film (Verwey), with the concentration of 
mobile ions taking up the value (p, say) 
which gives electroneutrality. The field 
strength only varies with thickness in 
the transition region of thickness. De- 
wald’s theory is the special case of p zero, 
which gives a field increasing continu- 
ously to infinite thickness. The high field 
production of Frenkel defects (with the 
vacant cation sites immobile and the 
interstitial ions mobile) as postulated by 
3ean, Fisher and Vermilyea and a slight 
mobility of oxygen ions are two proc- 
esses which would allow p to vary with 
the field strength, and which would, 
therefore, give rise to “overshoot” in the 
transients in the field strength which 
occur when the applied current is sud- 
denly changed. However, if the field 
strength is sufficiently great to produce 
Frenkel defects it would be expected to 
be sufficiently great to cause the vacan- 
cies to be mobile. This case is considered. 
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Finally, it is noted that in an amorphous 
oxide it is difficult to maintain a dis- 
tinction between lattice and inerstitial 
ions, and, in fact, a range of site ener- 
gies and jump distances would be ex- 
pected. Some of the observed features 
(including “overshoot”, and Tafel slope 
anomalies) of the kinetics for tantalum 
may, therefore, be due simply to the fact 
that the oxide is amorphous. (auth) 
—ALL. 18711 


3.8.4, 6.3.21 

Kinetics of the Oxidation of Anti- 
mony. A. J. Rosenberg, A. A. Menna 
and T. P. Turnbull. J. Electrochem. 
Soc., 107, 196-199 (1960) March. 

Reaction rate between 265 and 385 C 
is initially parabolic, degenerating to a 
time-independent rate controlled by the 
diffusion of gaseous (Sb:O:)2 from the 
surface. A layer of Sb2O; forms on the 
surface and supports a further growth 
of Sb2Os. 10 references.—RML. 20030 


38.3, 3:8.2, 62:2; 432, 32:2 

Stability of Heterogeneous Surface 
Structures During the Corrosion of 
Passivable Metals. (In German.) U. 
Franck. Werkstoffe u. Korrosion, 11, 
No. 7, 401-410 (1960) July. 

Question of the stability of surface 
structures of corroding metals is ex- 
amined on the basis of the thermo- 
dynamics of irreversible processes, and 
it is shown that, in the presence of sev- 
eral independent variables of state, even 
heterogeneous structures such as those 
encountered with pitting corrosion may 
be stable. This is demonstrated in the 
Second Part by means of a practical 
example, quantitatively calculated by an 
analogue computer, concerning the cor- 
rosion of iron in sulfuric acid. By way 
of application, a theory is developed in 
the Third Part concerning the pitting 
corrosion of iron in sulfuric acid con- 
taining halide ions; this theory is largely 
based on the nonmonotonic alignment 
of the current potential curve of the 
passivable metals. 20039 


3.8.4, 6.3.16, 2.3.6 

Kinetics of Strontium Oxide on Tung- 
sten. J. A. Cape and E. A. Coomes. 
Univ. of Notre Dame. J. Chem. Phys., 
32, 210-214 (1960) Jan. 

Field electron microscopy was used 
to study the kinetics of strontium oxide 
on tungsten in the range 900 to 2200 K. 
Reactions take place on the [111] and 
[100] which have high concentrations 
of four nearest neighbor surface atoms. 
Below 1150 K there is some evidence 
for the dissociation of SrO and migra- 
tion of Sr to the [110] edges where 
clusters of crystallites are formed. Two 
modifications of field emission patterns 
associated with the (Sr-O-W) complex 
within 1150—1550 K are tentatively 
identified with the basic and normal 
tungstate; apparently the first goes over 
to the second with an activation energy 
of ~ 60 kcal as determined from de- 
sorption data. An unusually sharp de- 
crease in Fowler-Nordheim work 
function occurs during this reaction. In 
the later stages of desorption above 
1550 K_ patterns identifiable with an 
oxygen-tungsten surface are obtained. 
Desorption at this stage takes place 
with an activation energy of ~ 140 kcal. 
(auth)—NSA. 20261 


3.8.4 

Investigation of the Role of Gaseous 
Diffusion in the Oxidation of a Metal 
Forming a Volatile Oxide. J. L. Modis- 
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ette and D. R. Schryer. National Aero- 
1autics and Space Administration, 
[echnical Note D-222, March, 1960, pp. 
1-13, 

A rate equation expresses oxidation 
‘ate as a function of temperature, gas 
yroperties, flow conditions and activa- 
ion energy at temperature at which 
he oxide is gaseous for tungsten, tanta- 
um, molybdenum, niobium, zirconium 
nd titanium. Oxidizing gas mixtures 
ire flowed over specimen at 1 to 
t/sec between 1900 and 3000°R. 7 ref- 
rences.—RML. 19838 


3.8.3, 62:5; 2.3.5 

Electro-Chemical Measurements on 
he Passivation of a Steel Containing 
i8% Chronium and 8% Nickel. (In 
xerman.) A. Rahmel and W. Schwenk. 
\rch. Eisenhuttenw., 31, 189-193 (1960) 
Varch. 

Current density-time relations during 
he potentiostatic passivation of an 18% 
<r —8% Ni steel in sulfuric acid and a 
odium sulfate solution. Current density- 
ime-relations at potentials vary from 
+ 150 to +1000 mVxu within the vicin- 
ity of passivity. Interpretation of the 
results with respect to the kinetics of 
he formation of passivated layers. Dis- 
cussion of the formation of very thin 


yxide layers —RML 20008 


3.8.2, 3.6.6, 6.3.17 

Corrosion of Construction Materials, 
Bonding Materials, and Uranium—An 
Electrochemical Investigation. R. B. 
Hoxeng. Chicago Univ. U. S. Atomic 
Energy Commission Pubn., CT-3023, 
May 2, 1945 (Declassified Jan. 28, 1960), 
70 pp. Available from Office of Tech- 
nical Services, U. S. Department of 
Commerce, Washington, D. C. 

A study was made of the effect of 
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solution composition on the galvanic 
corrosion of the (72S)2S Al couple. 
Equipment is described which was used 
to obtain electrochemical information. 
Results are presented graphically. Pre- 
liminary studies of bonding materials 
showed that Sn— Zn solders of certain 
compositions could be heat treated so 
as to retain enough Zn in solid solution 
to have a solution potential cathodic to 
Al. Solution potentials between differ- 
ent portions of a pitted U specimen may 
be as high as one volt and are probably 
an important factor in the corrosion of 
uranium.—NSA. 20009 


3.8.4, 3.4.9 

Metal-Water Reactions. Pt. 6 Analyti- 
cal Formulations for the Reaction Rate. 
Leo F. Epstein. General Electric Co. 
U. S. Atomic Energy Commission 
Pubn., GEAP-3272, September 30, 1959, 
52 pp. Available from Office of Techni- 
cal Services, U.. S. Department of Com- 
merce, Washington, D. C. 

Various types of equations relating 
the extent of reaction between a metal 
and water vapor are reviewed and dis- 
cussed. The origin of the most common 
relation employed, the so-called parabolic 
rate law, is shown to be the diffusion 
process through an oxide film on the 
surface. It is shown that such a law 
cannot apply to the initial stages of the 
reaction process, before a coherent film 
has had a chance to form. For these 
conditions it is postulated that the rate 
determining process is the transport of 
H.O0 molecules through the vapor 
phase. An exact formulation combining 
these two concepts, and an empirical 
representation are presented. Other rate 
laws, such as the cubic, logarithmic, 
and linear forms are considered. The 
dependence of the reaction rate on pres- 
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sure and temperature is analyzed, and 
it is shown that neither is sufficiently 
well known to permit more than ap- 
proximate computation. The effect of 
geometry on the rate law is discussed 
by considering plane, cylindrical, and 
spherical configurations. Equations for 
determining the rate and extent of re- 
action when the temperature varies with 


time are considered. (auth)—NSA. 
20131 


3.8.2 

Electrochemical Corrosion of Metals. 
(In Russian.) A. I. Krasilschikov. 
Khimicheskaya Nauka i Promyshlen- 
nost’, 3. No. 4, 476-483 (1958). 

Theoretical. In most cases, if the 
metal is not in the passive state the 
total corrosion rate is determined by 
the rate of cathodic processes. During 
the study of O reduction on Ag, Au, 
or Hg cathodes the first to be reduced 
were the mol. and not atoms of O, 
forming in the first place mol. of H2O, 
which either decomposed or were re- 
duced further. The kinetics of the proc- 
esses were basically the same in acid 
and alkaline solution, the only difference 
being in the limiting stages. On Pt and 
Pd, however, O from the solution com- 
bines with H adsorbed or discharged 
on the cathode. Starting with Tamm’s 
hypothesis [Physikal. Z. Soviet-union, 1, 
733 (1932)] of the two-dimensional elec- 
tron cloud, Krasilschikov studied the 
influence of the quantity of adsorbed 
gas on passivity, and derived a relation- 
ship according to which the change in 
the energy of adsorption on transition 
from a free surface to one completely 
covered by the gas is 3.8 X10 erg/ 
electron. Hence, even a small quantity 
of adsorbed O retards considerably the 
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rate of metal dissolution. Local or pit- 
ting corrosion is caused by a thermal 
movement of mol. at a point, changing 
the potential at that point. This is en- 
hanced by differential aeration effects. 
Anodic dissolution of metal or H can 
proceed through direct transfer of ions 
into solution or through chemical inter- 
action of the metal with mol. in solution 
forming intermediate products such as 
OH-. 81 references —MA. 20031 


38.2, 6.3.21 

On the Mechanism of Anodic Dis- 
solution of Germanium in Alkaline Solu- 
tion. Fritz Beck and Heinz Gerischer. 
Z. Elektrochem. 63, No. 4, 500-510 
(1959). 

Electrodes were made from germa- 
nium single crystals—p-type doped with 
antimony to 0.07, 0.3, 1.0, 11 and 272 
cm and n-type germanium doped to 
0.08, 1.5, 6.6 and 142 cm—and used to 
obtain stationary current/voltage curves 
galvanostatically and_ potentiostatically. 
The rate-determining step of the dis- 
solution is exponentially dependent on 
the potential, and for OH™ ions and de- 
fect electrons is a first-order reaction. 
The dissolution mechanism proposed by 
Turner (J. Electrochem. Soc., 103, 252, 
1956) is rendered more precise. 20 ref- 
erences.—MA. 20166 


3.8.2, 3.4.6 

Effect of Oxygen on the Work- 
Function of Barium. P. A. Anderson 
and A. L. Hunt. Phys. Rev., 115, No. 3, 
550-552 (1959). 

Determinations were made by the 
contact-p.d. method, referred to a stand- 
ard surface. The work-function of clean 
barium decreased by 0.32 eV on sudden 
exposure to a large dose of oxygen, 
remained constant at this value for 5 
days, and then slowly drifted back to 
the original clean-barium value. No 
change was observed in the latter on 
slow admittance of oxygen, even after 
the addition of an equivalence of 100 
monolayers of the oxide.—MA, 20276 


3.8.2, 4.7 

Thermodynamic Evaluation of Ma- 
terials in Contact with Fluoride Fuels. 
R. C. Crooks, D. E. Sparrow, J. J. Ward 
and R. B. Filbert, Jr. Battelle Memorial 
Inst. U. S. Atomic Energy Commission 
Pubn., BMI-936, August 5, 1954 (De- 
classified Sept. 9, 1959), 19 pp. Available 
from Office of Technical Services, 
Washington, D. C. 

Corrosion tendencies of 44 metallic 
elements, nonmetallic elements, and 
metal oxides, borides, and carbides were 
evaluated by means of thermodynamic 
methods. Standard free energies of re- 
action and equilibrium constants are 
compiled for 1200 and 1500 F. The 
effect of activity coefficients on the 
thermodynamic corrosion tendency is 
discussed, together with the effect of 
complexing actions that alter the effec- 
tive concentrations of the corrosion re- 
actants and products. Emphasis is 
placed on the fact that a material that 
chemically has a strong tendency to- 
ward corrosion may be corrosion resist- 
ant in practice because of physical 
factors that protect the material. (auth) 
--NSA. 20243 


3.8.4, 6.3.20, 8.4.5 

Effect of a Thermal Gradient of the 
Hydrogen Distribution in a Metal. Ap- 
plication to the Sodium Reactor Experi- 
ment. G. G. Libowitz. Atomics Inter- 
national Div., North American Aviation, 
Inc. U. S. Atomic Energy Commission 


88a 


Pubn., NAA-SR-4194, December 1, 
1959, 20 pp. Available from Office of 
Technical Services, Washington, D. C. 
Distribution of a gas dissolved in a 
metal under a thermal gradient and con- 
stant pressure is considered. Expres- 
sions for the concentration gradient and 
the over-all concentration necessary for 
compound formation are derived. The 
derived equations are applied to the 
problem of the distribution of hydrogen 
in the zirconium cans of the Sodium 
Reactor Experiment. It is shown that 
if the over-all hydrogen concentration 
exceeds 4 X 10 atoms of hydrogen per 
atom of zirconium, § — phase zirconium 
hydride will form at the cooler part of 

the zirconium cans. (auth)—NSA. 
19891 


3.8.4, 6.3.6, 4.4.8 

Kinetics of the Dissolution of Copper 
in Oxygen-Containing Solutions of 
Various Chelating Agents. J. Halpern, 
H. Milants and D. R. Wiles. J. Elec- 
trochem. Soc., 106, 647-650 (1959) Aug. 

Kinetics of the dissolution of copper 
in stirred oxygen-containing solutions of 
ethylenediamine and several amino acids 
have been examined and compared with 
those found earlier for ammonia. In 
each case, provided that the partial pres- 
sure of oxygen exceeds a critical value 
(below which its transport to the copper 
surface may be rate limiting), the rate 
was found to be zero-order in oxygen 
and first-order in the complexing agent. 
The rate-determining process is believed 
to be the chemical attack of the oxygen- 
covered copper surface by the complex- 
ing agent. At 25°, the rate constants for 
dissolution by ethylenediamine, glyc- 
inate, alpha-alaninate, and beta-alaninate 
were found to be 2.3 X 107, 49, 59, and 
11 mg Cu cm” hr? M*. These follow 
the same order as the stability constants 
of the corresponding cupric complexes. 
In each system there is also another 
reaction path, independent of the first, 
which involves the protonated species, 
i.e., the ethylenediaminium ion and the 
neutral amino acids. The corresponding 
rate constants are 5.1 & 10’, 31, 36, and 
3.5 me Cu cm hr* MM. 19853 


3.8.4, 6.3.16 

Adsorption of Oxygen on Tungsten. 
Joseph Ejisinger. J. Chem. Physics, 30, 
No. 2, 412-416 (1959). 

From a room-temperature study of 
the adsorption of oxygen on_ single- 
crystal tungsten ribbon it was found 
that the maximum coverage is 12.3 * 
10% atoms/cm’, and the initial sticking 
probability is ~ 0.24. These results are 
discussed in terms of an idealized atom 
model for the tungsten surface. A study 
was made on the rate of oxide formation 
at the surface of the hot tungsten filament. 
13 references—MA. 20069 


3.8.4, 3.7.4, 6.2.2 
Diffusion in Metals. Progress Report 


and Publication List. David Lazarus. 
Illinois University. U. S. Atomic En- 
ergy Commission Pubn., AECU-4186, 
June 1, 1959, 18 pp. Available from 
Office of Technical Services, Washing- 
tt DS *G, 

Iron oxidation studies are reported 
for single crystal whiskers; correlation 
of oxidation nuclei with dislocation 
structure is difficult and study is being 
directed toward oxidation while the 
crystal is under stress. Oxidation at 
grain boundaries was also studied as 
well as hydrogen reduction of the oxide. 


—NSA. 19832 


Vol. 17 


3.8.4 

Oxidation of Metals: The General 
Oxidation Equation. (In English.) Tor 
Hurlen. Acta Chem. Scand, 13, No. 
4,695-704 (1959). 

From the absolute reaction-rate 
theory, a general oxidation equation is 
stated for transport of metal and oxide 
vacancies and interstitials in ideal solu- 
tion in the oxide film, under the action 
of chemical and electrical potential fields 
This manipulated to give inverse log., 
cubic, and parabolic oxidation equations, 
and the assumptions made for this pur- 
pose lead to the association of a range 
of film thicknesses with each type of 
equation, such that a complete oxida- 
tion/time observation embraces an initial 
period of inverse log oxidation and 
changes smoothly to a period of cubic 
and general oxidation and finally para- 
bolic oxidation. The regions of validity 
of each rate equation are calculated for 
the case of Ti oxidized to TiO2, and 
presented graphically in terms of film 
thickness at the oxidation temp. The 
conditions for cubic oxidation do not 
require the assumption of a p-type 
oxide. 22 references —MA. 19815 


3.8.3, 3.6.8, 6.3.2 

Anodic Oxidation of Cadmium. Pt. 2. 
Electrical Properties of the Film. Phillis 
E. Lake and E. J. Casey. J. Electro- 
chem. Soc., 106, No. 11, 913-919 (1959). 

Cd anodes were examined under 
anodic oxidation in 0.72-14.4 M-KOH 
and 0.72-7.2 M-K:CO; by measuring 
overpotential decay after current inter- 
ruption. After passivation, while O is 
being evolved, the potential decays log., 
and before passivation, while Cd is 
being oxidized, the decay is exponential 
in two steps. The capacitances of both 
active and passive Cd were measured 
by potential-decay curves and by super- 
imposed a.c. methods. Values obtained 
by decay methods before passivation are 
two orders larges than a.c. values. It 
is proposed that, in addition to the 
Helmholtz double layer, an inner layer 
is present in which OH” is reduced to 
O*. When the field strength across the 
inner layer becomes high enough, 
OH-—OH-, and O* is evolved. The 
rates of OH~ and CO;* are discussed. 
17 references—MA. 19803 


3.8.4, 6.3.6, 2.3.6 

Length Distribution of Whiskers 
Formed During the Oxidation of Cop- 
per. W. Jaenicke and L. Albert. Natur- 
wiss, 46, No. 16, 491 (1959). 

An electron-microscope study was 
made of the growth of oxide whiskers 
formed on sheet specimens of electro- 
lytic copper exposed to O(150 mm Hg 
pressure) at 300-500 C. The whisker 
lengths were measured as a function of 
oxidation time from stereographic photo- 
graphs of C replicas of the metal sur- 
face. The length distribution was found 
to be of the form: dN(d A, N=k. exp 
(—kX), where A is whisker length, N 
the number of whiskers. The constant 
k increased as t”*, where t is the oxida- 
tion time. It is concluded that: rate of 
nucleation a the rate-of-defects develop- 
ment in the CuzO-CuO layer due to 
mechanical distortion; growth is by sur- 
face diffusion of Cu and O to give \= 
at’”, where a= 2 X 10% cm/min”’ at 500 
C; needle growth is stopped by a sta- 
tistical inhibition process which proceeds 
independently of whisker length. Inhibi- 
tion is due to impurities—-MA. 20114 
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3.8.2, 6.3.21 

Electrode Processes on Germanium in 
Sulfuric Acid Solutions in the Presence 
of an Oxidizer. E. N. Paleolog, A. Z. 
Fedotova and N. D. Tomashov. Dok- 
ady Akad Nauk, SSSR, 129, No. 3, 623- 
26 (1959). Translation available from 
Morris ID. Friedman, Inc., P. O. Box 
55, New Newton 65, Massachusetts. 
Order MDF P-140). 


Kinetics of the electrode processes on 
» and m type germanium single crystals 
n an H2SO, (pH 1.0) solution with ad- 
nixtures of H:O2 and Fe** was investi- 
rated during a study of the self-dissolu- 
ion mechanism of semiconductors. All 
xperiments were conducted at a tem- 
erature of 25 + 0Q.1°, in the dark. 
Results indicate that the type of germa- 
lium conductivity exerts a large effect 
mm the rate of the electrode processes 
ccurring thereon. The cathodic reac- 
ions reducing the Fe** and H:2O: and the 
iydrogen-ion discharge were strongly 
lecelerated for p-type germanium, while 
he anodic dissolution process for n-type 
rermanium was made difficult. The ca- 
thodic reactions on n-type germanium 
apparently proceed with the predomi- 
nant participation of free electrons. The 
strong deceleration of the cathodic proc- 
ess for p-type germanium can be related 
to (1) the insufficiency of free electrons 
under the condition of their predomi- 
nant participation in the reactions re- 
ducing the Fe** and the H:O:, and (2) 
the additional ohmic potential drop in 
the surface of the p-type germanium 
which is impoverished of holes. In the 
latter case the valence electrons are the 
fundamental participants in the reduc- 
tion reactions. The rise in the anodic satu- 
ration current density for n-type germa- 
nium in the presence of Fe* can be 
related to either (1) the specific adsorp- 
tion of these ions on the germanium 
surface and the consequent increase in 
the recombination rate near the germa- 
nium surface layer, or (2) the simulta- 
neous occurrence of the reaction reduc- 
ing the Fe** ions on the anode, which 
leads to a growth of the hole concen- 
tration. 6 references.—TT. 19995 


3.8.2, 6.3.11 

Potential of the Platinum Electrode 
in Heterogeneous Gas-Aqueous Solution 
Systems. G. Bombara. Metallurgia Itali- 
ana, 51, No. 3, 101-108 (1959). 

A plate 0.5 0.5cm and spiral wires 
8 X 0.7 mm in diameter were used after 
cathodic and anodic treatments and im- 
mersion in chromic or acetic acid-hy- 
drogen peroxide solution, and also after 
oxidation with Ce(SQO,)2 The solutions 
used were of sodium chloride; K2Cr2O;; 
Na2SO;-N:H,, H2O; quinhydrone at pH 
4, and nitric acid and sulfuric acid satu- 
rated with oxygen or nitrogen, also 0.1 
N-LeSO, in N-H:SO,. The theory of 
the platinum electrode is developed; po- 
tentials are shown versus time and pH. 


—MA. 20122 





4. CORROSIVE ENVIRONMENTS 





4.3 Chemicals, Inorganic 





4.3.2, 6.2.5 

Corrosion by Fluoride Solutions. 
Woodfin FE. Shuler. E. I. DuPont de 
Nemours & Co. U. S. Atomic Energy 
Commission Pubn., DP-348, Feb., 1959, 
15 pp. Available from Office of Tech- 
nical Services, Washington 25, D. C. 


CORROSION ABSTRACTS 


A number of alloys were tested for 
resistance to corrosion in hydrofluoric 
acid and nitric acid and mixtures of the 
two acids. The.austenitic stainless steels 
and the higher chrome-nickel alloys of 
iron were most promising. Of the ma- 
terials tested, stainless steel, Type 309Cb, 
Carpenter 20, Durco D-10, Durimet 20 
and Chlorimet 3 were the most resistant 
to separate solutions of hydrofluoric acid 
and nitric acid. Each of these alloys 
showed a significant increase in corro- 
sion rate with increase in temperature. 
Exposure to nitric acid appeared to 
passivate Carpenter 20 toward hydrofluo- 
ric acid. In the mixed acids, fluoride ion 
increased marketly the rate of corrosion 
of all materials tested. The corrosion 
data indicate that the use of hydrofluo- 
ric acid or acidic fluoride solutions will 
require relatively frequent replacement 
of dissolver vessels. Stainless 309Cb ap- 
peared to be the best of the tested ma- 
terials considering ease of fabrication, 
compatibility with the processing of 
other fuel elements that are dissolved 
with nitric acid and corrosion resistance. 
(auth.)—NSA. 18639 


4.3.2, 6.3.13, 6.2.5, 6.3.20, 8.4.5 

Corrosion Studies for the HRT Chem- 
ical Processing Plant. J. L. English, 
J. C. Griess and D. J. Krause. Oak 
Ridge National Lab. U. S. Atomic En- 
ergy Commission Pubn., ORNL-2735, 
July 24, 1959, 42 pp. Available from Of- 
fice of Technical Services, Washington, 
ENG. 

Corrosion resistance of a number of 
materials considered for use in the 
Homogeneous Reactor Test Chemical 
Processing Plant was determined in sul- 
furic acid solutions. Tantalum was found 
to be fully resistant to boiling 4 M and 
10.8 M sulfuric acid solutions used for 
the dissolution of corrosion and fission 
products removed from the homogen- 
ous-reactor fuel solution. Tantalum was 
immune to hydrogen embrittlement in 
these solutions. Crystal-bar zirconium 
and Zircaloy-2 were fully resistant to 
attack by boiling 4 M sulfuric acid solu- 
tion but were attacked at rates of 5 to 
10 mpy in boiling 10.8 M sulfuric acid 
solution. Carptenter-20 Cb stainless steel 
was completely resistant to 4 M sulfuric 
acid solutions at 38 C, the temperature 
in the decay storage vessels of the chem- 
ical processing plant, and generally was 
resistant to similar sulfuric acid solu- 
tions at atmospheric boiling temperature, 
approximately 110 C. In a few isolated 
cases, however, the alloy was prone to 
stress corrosion cracking and to knife- 
line attack in several of the boiling 4 M 
sulfuric acid environments. Corrosion 
rates of types 347 and 316 stainless steel 
in boiling 4 M sulfuric acid solution 
were in excess of 75,000 mpy; however, 
in the presence of synthetic corrosion 
and fission products, corrosion attack 
was reduced to 10 mpy or less. A sim- 
ilar, but less drastic reduction in the 
rate of attack on Carpenter-20 Cb stain- 
less steel was experienced with additives 
present in the boiling 4 M sulfuric acid 
solution. The corrosion rate of the lat- 
ter alloy in boiling and helium-aerated 
4 M sulfuric acid solution was acceler- 
ated by ruthenium, a fission-product ele- 
ment. (auth.)—NSA. 19100 


4.3.3, 4.2.3 

Oil-Ash Corrosion Problem: An Ap- 
plication of the Phase-Equilibrium 
Approach. W. R. Foster, Research, 12, 
No. 5, 189-195 (1959). 

In oil- ash corrosion sodium, vanadium 
and sulfur were believed to be the chief 
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damaging impurities. Compatibility re- 
lations in the system sodium monoxide- 
sulfur trioxide-vanadium pentoxide were 
derived on the basis of a simplified 
phase-equilibrium approach combined 
with weight-loss experiments and X-ray 
diffraction evidence. The study showed 
sodum sulfate, sulfur trioxide, sodium 
metavanadate, Na:O *3V20;, NaO ¢ 
V20.°5V20s (or Na.O ° 6V:0s), and va- 
nadium pentoxide as potential agents of 


corrosion.—MA. 19162 





5. PREVENTIVE MEASURES 





5.3 Metallic Coatings 





5.3.2, 8.9.1 

How Versatile Application Tech- 
niques for Gold Solve Aircraft and 
Missle Problems. William L. Aves, Jr. 
Plating, 46, No. 11, 1260-1263 (1959). 

A low-emissive, highly reflective gold 
coating is applied to configured aircraft 
and missile components by the thermal 
decomposition of a gold resinate dissolved 
in an organic carrier. Immersion gold 
plating may also be affected by ionic 
displacement from a commercial solu- 


tion—MA. 20168 


5.3.4 

Role of Hot Dip Galvanizing in Com- 
batting Corrosion. (In French.) R. 
Souske. Paper Presented at Ist Euro- 
pean Corrosion Congress. Corrosion et 
Anti-Corrosion, 7, No. 12, 434-439 
(1959). 

Principal factors which determine the 
degree of resistance to corrosion of a 
zinc coating are given as the purity of 
the zinc, the thickness of coating and the 
galvanizing temperature. Accelerated 
corrosion tests, which are described, 
permit the evaluation of this degree of 
corrosion resistance and also the relative 
importance of the three factors de- 


termining it. 1 table—ZDA. 20186 


S32 

Crack-free and Duplex Chromium An- 
swers to Better Corrosion-Resistance. 
D. E. Weimer. Electroplating, 12, No. 9, 
340-343, 348 (1959). 

Corrosion-resistance may be increased 
by the use of crack-free chromium coat- 
ings, but even these may crack at thick- 
ness more than 0.1 mil. The Duplex 
chromium process applies first a layer 
of crack-free chromium from the CF- 
520 bath, such that no cracking occurs 
at the high current density areas, fol- 
lowed by a further deposit from the 
Cr-110 solution to raise the minimum 
thickness in recesses to at least 0.03 
mil. Greatly prolonged corrosion life is 
claimed for the coating and no re- 
design of automatic machines is re- 
quired.— MA. 20238 


5.3.4, 6.3.17, 8.4.5 

Protection of Uranium by Electrolytic 
Nickel-Plating and Diffusion. (In 
French.) G. Chauvin, H. Coriou and 
J. Hure. Electrochimica Acta, 1, 177-189 
(1959) July. 

An intermediate layer of nickel be- 
tween uranium fuel element and alumi- 
num sheath protects fuel from corrosion 
in case of rupture of sheath and from 
undesirable diffusion between uranium 
and aluminum. Conditions of production 
of nickel electrodeposits and diffusion 
between deposited nickel and under- 
lying uranium. Best diffusion zones are 
obtained by using a bath containing no 


90a 








2 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


boric acid. Intermetallic compounds 
formed by diffusion heat treatment of 
nickel-coated uranium. 32 references.— 
RML. ° 20269 


5.4.3 

Hot-Dip Galvanizing in Continuous 
Strip Operation. (In French.) J. Las- 
bleis. Revue de Métallurgie, 56, 375-386 
(1959) Dec. 
Corosion of steels and cathodic protec- 
tion of Fe by Zn is discussed. The 
Sendizimir process facilitates adhesion 
of the Zn coating because of slight oxi- 
dation of the strip, followed by reduction 
which gives a film of pure Fe. Describes 
galvanized sheets produced at the Mon- 
tataire plant—BTR. 19800 


5.3.4, 4.3.2 

New Platinum-Clad Steel Resists At- 
tack by Hot Acids. Machine Design, 31, 
No. 26, 36, 38 (1959) Dec. 24. 

Pt-5 Rh alloy can now be clad to 
Carpenter 20 stainless steel. Composite 
material, developed by Metals & Con- 
trols Div., Texas Instruments Inc., is 
being fabricated in sheet, wire and 
tubing. Stronger and as corrosion re- 
sistant as pure Pt, new composite costs 
only 1/6 as much. Because ability to 
stop acid attack at high temperatures 
(1000 F and above) depends on Pt 
thickness, clad is available in thicknesses 
ranging 0.0001-0.005 in. Pt is inseparably 
clad to stainless by a solid-phase bond- 
ing process without use of brazing alloy 
or other intermediate material. Photo- 
micrograph of sample exposed to 1500 F 
for one month shows that about 15% 
of Pt has alloyed with stainless steel. 
This amount of diffusion is allowable 
and will not affect acid resistance.— 


INCO. 19825 


5.3.4 

On the Deposition of Chromium from 
Complex Chromium Sulphate Solutions. 
(In German.) Willi Machu and M.F.M. 
El-Chandour. Werkstoffe u. Korrosion, 
10, No. 9, 556-563 (1959). 

A survey is made of the best con- 
ditions for operating a Cr** bath of 
the basic type—Cr:(SO,.)s.6H20 200, 
(NH,)2SO,4 436, urea 240 g/l. It is pos- 
sible to obtain 10-20% current efficiency 
for hard and bright deposits, but these 
have fine cracks. A good adherent coat- 
ing can be deposited on to an inter- 
mediate layer of Ni, Zn, Cu or brass. 
Trivalent baths are suitable for decora- 
tive plating but not for hard Cr since 
thick coatings from this bath spall. 24 
references.—MA. 20096 


5.3.4 

Bright and Hard Chromizing by 
French Diffusion Technique. P. Gal- 
miche. Corrosion et Anticorrosion, 8, 
No. 2, 49-58 (1960); Ingenieurs et Tech- 
niciens, Nos. 5, 6, 51-58, 81-87 (1959). 

The ONERA (Office National 
d’Etudes et des Recherches Aéronau- 
tiqgues) process, based on formation and 
re-formation of CrF:, is described and 
evaluated. The CrF, decomposes at the 
metal surface, liberating Cr, which dif- 
fuses into the base metal, and HF, from 
which CrF; is re-formed on contact with 
the original chromizing medium (granu- 
lated Cr). A bright diffused-Cr layer 
~0.1 mm. thick is formed on low-C steel 
treated for 1% hr. at 1075-1100 C, or for 
3 hr. at 1025-1050 C, longer treatment 
and higher temperature giving a thicker 
(> 1 mm) layer. A hard non-bright 20- 
25-u layer obtained on C steel after 4-6 
hr. at 900-920 C, longer treatment or 
higher temperature giving no appreciable 
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increase in layer thickness, can be elec- 
tropolished. Ni and Co, and alloys based 
on these, can be chomized under con- 
ditions suitable for steels, but Mo W and 
their alloys usually require a _ higher- 
temperature (1400-1600 C) treatment, 
and the layer can be relatively brittle; 
satisfactory results are obtainable, how- 
ever, by precoating with Ni or Fe, fol- 
lowed by bright chromizing. Cu and Cu 
alloys are unsuited to the process, unless 
previously coated by chemical or electro- 
deposited Ni. In general, the diffused 
layers are completely or highly resistant 
to attack by corrosive atmospheres or 
other media, and the process is also 
applicable to powder metallurgy and to 
brazing. Structures obtained are illu- 
strated, and general and special applica- 
tions are discussed.—MA. 20081 


5.3.1, 4.2.1, 6.2.5, 6.4.2 

Metallic Finishes for Services’ Equip- 
ment. D. W. Smith. Paper before Inst. 
Metal Finishing, Symposium on Control 
in Electroplating, London Branch, Nov., 
1958. Electroplating & Metal Finishing, 
12, No. 9, 331-337 (1959) Sept. 

Discusses types of corrosion encountered, 
protective coating tests and specifications 
followed by the Services for protection of 
huge variety of equipment which is stored 
or used in extremes of climatic conditions 
all over the world. These climatic con- 
ditions are discussed. Problem of vapor 
corrosion is considered; cadmium is par- 
ticularly susceptible and Zn, Mg and Pb 
may also be affected. Examples are shown 
of severe whisker growth on Ag plating 
in enclosed electronic assembly (S_con- 
taminate liberated from rubber washer) ; 
and of pitting corrosion on stainless steel 
wristwatch back confined to area covered 
by strap due to lack of air flow. High 
strength Al alloys, when in form of large 
extrusions, suffers disastrous form of layer 
corrosion, which may be further accentu- 
ated by galvanic effects from bolted or 
rivetted-on steel fittings. Principal types of 
protective metallic finishes used by Serv- 
ices are covered by D.T.D. series of speci- 
fications which, although written primarily 
for aircraft requirements, are being 
adopted by other Services. Thickness- test- 
ing of electrodeposited and sprayed metallic 
coatings is discussed. Spot tests for identi- 
fication of cadmium and zinc are outlined. 


—INCO. 19963 


5.3.4 

An Outline of the Chemistry Involved 
in the Process of Catalytic Nickel De- 
position from Aqueous Solution. Pts. I, 
II, III, G. Gutzeit. Plating, 46, Nos. 10, 
11, 12; 1158-1164; 1275-1278; 1377-1378 
(1959). 


Pt. I. The author describes electroless 
nickel baths operating at pH 4-6 & 8-9, 
respectively; in the acid bath the rate of 
deposition is almost independent of 
[Ni**] and [H:PO.], but in the alkali 
bath the rate < [H:PO.-]. Water is re- 
quired for the catalytic reduction of 
Ni** to an amorphous Ni-P alloy; P is 
apparently supplied from the reduction 
of H:PO. by atomic H. It is suggested 
that H.-PO; is dehydrogenated to PO.” 
ions which combine immediately with 
water to form HPO,*. The formation of 
H* supports the pH dependency of the 
reactions. 15 references. 


Pt. III. The rate of deposition is a 
catalyst for the dehydrogenation of 
H.PO; is metastable at elevated tem- 
of Ni ions; small amounts of Ni (0.002- 
0.005 M) cause continuous evolution of 
H upon immersion of a mild-steel 
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sample. Pb*, SeO.**, S.0;7, CNS-, and 
HS- may reduce or completely inhibit 
Ni deposition. The rate of H evolution 
< [H*] and is constant for each pH; 
lating rate increases with pH 
Pt. III. The rate of deposition is a 
inear function of the area being plated, 
nd the observed stoichiometry of the 
eaction was independent of the area. 
te ae solution containing Ni* and 
PO, is metastable at elevated tem- 
cmon stability decreases with in- 
reasing temperature, [H2PO:2], pH, 
nd concentration of suspended solids. 


)ptimum conditions are tabulated.— 
MA. 20091 


5. MATERIALS OF CONSTRUCTION 


5.3 Non-Ferrous Metals 
and Alloys—Heavy 


).3.20, 4.3.2, 3.8.4 

Concentrated Nitric and Dilute Hydro- 
luoric Acid Mixtures in Dissolution of 
Zirconium Metal. E. M. Vander Wall 
ind E, M. Whitener. Industrial and 
Engineering Chem., 51, No. 1, 51-54 
1959). 

Dissolution of reactor-grade zirconium 
lates in mixtures of nitric acid and 
iydrofluoric acid were determined. Dis- 
solution rates (V) at 40.5 C were deter- 
nined in mixtures of 0.5M-HF with up 
to 13M-HNO;. HNO; concentration has 
little effect on V, but a high nitric acid 
concentration is desirable for producing 
a stable product solution. V (at 40, 50, 
60 and 115 C) in 13M-HNO; and var- 
ious concentrations of hydrofluoric acid 
were determined. The results indicate 
that initial V is dependent only on the 
initial hydrofluoric acid concentration in 
the solution. The activation energy for 
the dissolution of zirconium in the nitric 
acid-hydroflueric acid system is 6.4 
kcal/mole from 40 to 115 C—MA. 19956 


6.3.6, 3.2.2, 3.7.4, 3.4.9 

Intercrystalline Cracking of Binary 
and Complex Beta-Brasses Resulting 
from Moisture in the Atmosphere. A. R. 
3ailey. J. Inst. Metals, 87, No. 11, 380- 
384 (1958-59). 

Binary as well as complex B-brasses 
undergo intercrystalline cracking in the 
ordinary atmosphere while under sus- 
tained tensile stress of sufficient magni- 
tude. With binary alloys, the tendency 
increases in composition near the [/ 
(8-++ Y) phase boundary, becoming very 
pronounced in alloys actually containing 
the Y phase. Nevertheless, intercrystal- 
line cracking is still prevalent in alloys 
lying near the Bhat B) phase bound- 
ary, although cracking does not occur 
when the alloys contain sufficient @ phase 
to form an intergranular network, The 
intercrystalline cracking of both binary 
and complex alloys takes place only in 
moist atmospheres, and does not occur 
in dry argon or in dried air. The effect 
of moisture is particularly noticeable 
with binary (8-+ 7) alloys, which dis- 
play distinctly better strength and duc- 
tility in a dry atmosphere than in the 
ordinary air. (auth)—MA, 18683 


6.3.11, 4.3.5, 3.8.4 

Interaction of Oxygen and Hot Gold. 
Pt. I. L. G. Carpenter and W. N. Mair. 
Trans. Faraday Soc., 55, No. 11, 1924- 
1936 (1959). 


Reaction between oxygen at 34 mer- 
cury pressure and a gold filament at 
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~900 C was studied by the removal of 
oxygen and the evaporation of gold. It 
is shown that oxygen oxidizes impurities 
on the gold surface and allows the metal 
to evaporate at an increased rate. Active 
oxygen is formed on the gold surface, 
and after leaving the metal surface it 
impinges on the reaction-vessel wall. If 
the walls are covered with evaporated 
gold, then mol. oxygen is returned to the 
gas phase, but if the walls are not so 
covered then the active oxygen reacts 
with materials present and is removed 
from the gas phase. In an Appendix it 
is shown that the activated species is 
probably 1Aelectronically excited oxy- 
gen mol. The structure of evaporated 
gold films is discussed in a second Ap- 
pendix. 31 references.—MA. 20285 


6.3.14, 4.4.4, 4.4.2, 5.8.4 

Corrosion of Tinplate by Victoria 
Plum Syrup. F. W. Salt and J. G. N. 
Thomas. J. Iron & Steel Inst., 188, Pt. 1, 
36-45 (1958) Jan. 

Study of corrosion of steel by Victoria 
plum syrup revealed that the syrup con- 
tains both inhibitors and accelerators of 
corrosion. Stannous tin inhibits corro- 
sion appreciably but stannic tin slightly 
accelerates it. A number of possible or- 
ganic inhibitors were investigated in 
plum syrup and 2, caprylic and caproic 
acids, were found to give appreciable 
inhibition in presence of 25 ppm stan- 
nous tin. Caprylic acid alone in plum 
syrup greatly increases steel corrosion 
rate. Chrysanthemin, the principal color- 
ing matter of Victoria plums, was shown 
to inhibit both cathodic and anodic proc- 
esses in corrosion of steel in malic acid, 
but to have no significant effect on cor- 
rosion of steel or steel-tin couples in 
Victoria plum syrup. Graphs, tables, 16 
references.—INCO. 17683 


63,15; 3.7.2, 374 

On the Corrosion-Resistance of Tita- 
nium Alloys. Pt. III. The Equilibrium 
Diagram of the Titanium- Palladium 
System. (In Japanese.) Hideo Nishimura 
and Tsuyoshi Hiramatsu. J. Japan Inst. 
Metals (Nippon Kinzoku Gakkai-Si), 22, 
No. 2, 88-91 (1958). 
_ Metallographic examination, X-ray 
analysis and melting point determina- 
tion were carried out over the whole 
range of compositions. One intermediate 
compound, TiPds, was identified, of hex- 
agonal Da°-type structure (a—=5.489, c= 
8.964 A, c/a= 1.635). A eutectic reac- 
tion occurs at 47% palladium and 1080 
C, a peritectic reaction at 89% palla- 
dium, and a eutectoid reaction at ap- 
proximately 25% palladium and 735 C. 
The solubility of palladium in 8-titanium 
is approximately 45% at 1080 C and of 
palladium in @-titanium approximately 
5% at 735 C. That of titanium in y- 
palladium is 11% at 1000 C—MA. 17506 


6.3.5, 5.3.4, 3.5.9 

Research for Coatings for Protection 
of Niobium Against Oxidation at Ele- 
vated Temperatures. Period covered 
July 1, 1957 to August 31, 1958. Emanuel 
C. Hirokis. Horizons, Inc. U. S. Wright 
Air Development Center, Technical Re- 
port 58-545, Sept. 12, 1958, 73 pp. 

Niobium alloys were prepared offering 
up to 20 fold reduction in oxidation at 
2000 F compared with pure niobium. 
Flame sprayed and electrodeposited 
coatings were developed giving more 
complete protection for 4 to 6 hrs. at 
2500 F. Preparation of alloys and coat- 
ings together with test procedures and 
results are described for both phases. 
(auth)—NSA. , 18776 


Contributions of 
J. M. Pearson 
to Mitigation of 
Underground 


C Si 

Six articles by the late Dr. J. M. 
Pearson and one by an associate 
prepared under his leadership are 
reprinted for the information of 
new workers and established investi- 
gators into underground corrosion 
problems. Dr. Pearson, recipient of 
the 1948 NACE Speller Award for 
achievements in corrosion engineer- 
ing, is recognized for his outstanding 
work on problems associated with 
corrosion of metals underground. 
The articles, originally published dur- 
ing 1941-44 in The Petroleum Engi- 
neer and in Transactions of The 
Electrochemical Society are reprinted 
by permission in this book dedicated 
to him. e 


Papers included are: 
Electrical pena of Coatings on 
Buried Pipelines 
“Null” Mat ods Applied to Corrosion 
Measurement 
Determination of the Current Required 
For Cathodic Protection 
Concepts and Methods of 
jodie Protection, Parts |, 11 and Il! 
Preventive Maintenance by Systematic 
Pipeline Inspection by 
Donald F. Van de Woter 
e 


56 pages, 82x11 inches, paper Cover. 
1956. NACE Publication 56-12. Per 
copy, postpaid. 
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Introduction 
HREE COMPANIES have multiple 
lines on the same right-of-way through 

approximately eight miles of the highly- 

congested Hammond industrial area. 

These firms are Service Pipe Line Com- 

pany, Sinclair Pipe Line Company and 

American Oil Company (formerly Stan- 

dard Oil Company, Indiana). 

Because of leaks on the Sinclair and 
American lines in 1959, a joint cathodic 
protection system, long talked about, was 
given renewed impetus. Several confer- 
ences were held by representatives of the 
three companies to develop a suitable 
work plan. 


% Submitted for publication March 16, 1961. 


* District Engineer, Joliet District, Service Pipe 
Line Co., Joliet, Illinois. 
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Figure 1—Installation sketch of deep well ground bed. 
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Deep Well Ground Beds for Cathodic Protection 
Of Multiple Lines in Highly Congested Industrial Areas* 


By J. R. GATES* 


Abstract 


An account is given of the successful instal- 
lation of deep well type high silicon iron 
anodes in a highly congested industrial area. 
Multiple lines were cathodically protected in 
this way despite the presence of nearby gas 
and water mains, power line grounds and 
underground aiehene cables, A_ special 
control system was designed for installation 
at each rectifier, involving use of switches, 
ammeters, rheostats, non-reversing current 
diodes and surge protectors. 5.2.1 


Since the Service and American lines 
were broken into five sections with insu- 
lating flanges, five rectifier sites were 
chosen and current requirement tests run. 
When insulating flanges were shorted, 
heavy stray currents built up in all lines. 
But with insulating flanges open, it was 
found that one to two amps per line 


‘ would afford suitable protection to both 


the Service 14-inch and 18-inch lines and 
the American 8-inch and 12-inch lines. 
The two Sinclair 8-inch lines and 22-inch 
line did not have insulating flanges in 
this area. Because of this and several 
shorted casings, it was impossible to fully 
protect these lines, although some pro- 
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tection was afforded. These preliminary 
tests were run with temporary ground 
beds of aluminum foil and rock salt at 
the five proposed rectifier sites. Sinclair 
Pipe Line Company provided the test 
current with a convenient d-c generator. 

Space was not available at any site for 
conventional ground beds and this factor, 
plus the probability of intense interfer- 
ence with the huge network of gas and 


TABLE 1—Resistance Values in Drilling 
Operation 


| Drill String 
To Remote 


Drill String Earth, Ohms 





| 

| To 14-Inch (C = 300’, 
Depth, Ft. Line, Ohms P = 150’) 
23 | 2.00 1.65 
33 1.88 1.50 
43 1.65 1.30 
53 1.55 1.20 
63 1.40 1.05 
73 1.55 1.08 

(set 63’ of casing) | 
S3:. 1.23 0.86 
SO 1.15 0.82 
WN fone nk: 1.10 0.80 



















Figure 2—Control panel for multiple line deep well protection system. 
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water mains, house services, power line 
grounds, underground telephone cable 
and foreign pipe lines prevalent in this 
area, influenced strongly the decision to 
use deep well ground beds. 


Anode Installation 

Figure 1 shows a cross section of the 
deep wells. Because of the presence of 
limestone underlying the area at a depth 
of 100 to 150 feet, it was decided to drill 
each well to approximately 100 feet. 
Since each ground bed would be required 
to drain only 10 to 15 amps, a standard 
design was adapted of two high silicon 
iron anodes in each bed on about 20 foot 


centers with 40 feet of coke breeze poured 
and tamped around the anodes. This was 
installed in a dry hole. Typical resistance 
values achieved as measured during the 
drilling operation are given in Table 1. 

Because of the diverse current require- 
ments for the seven lines, it was decided 
that a rather elaborate control system 
should be designed for installation at each 
rectifier. This included a separate switch, 
ammeter, rheostat, non-reversing current 
diode and surge protector on the lead to 
each pipe line (see Figure 2). The many 
manhours saved from convenient rapid 
adjusting has more than paid off the 
original investment. 


will appear in December, 1961 issue. 
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The many minor interference prob- 
lems caused by these units in a highly 
congested area have been or are being 
worked out with the companies involved 
through the efficient coordination of the 
Chicago Region Committee on Under- 
ground Corrosion (T-7B). 


Conclusion 

It is the conclusion of those involved in 
this installation that in a highly con- 
gested area where conventional ground 
beds could not be used, the deep well 
type have made possible a_ successful 
system of cathodic protection at a rea- 
sonable cost. 


Any discussion of this article not published above 


Technical Papers on Corrosion Welcomed 


Authors of technical papers on corrosion are invited to submit them for review without 
invitation to the Editor of Corrosion. Write for “Guide for the Preparation and Presenta- 
tion of Papers” sent free on request to prospective authors. 
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Introduction 


ERIOUS CORROSION in the form 

of internal pitting of steel injection 
lines has been suffered in several closed 
system (anaerobic) type water floods. In 
one system, as many as 200 pipe leaks 
from this cause occurred in one month. 
General corrosion in these cases is negli- 
gible or of minor importance with respect 
to wall penetration. Leak frequency tends 
to increase with time despite liberal use 
of various corrosion inhibitors. Exposure 
of conventional strip type corrosion speci- 
mens of steel in lines of these floods 
usually shows low rates of general attack 
and rarely manifests the serious pitting 
concurrently occurring in the injection 
lines. Laboratory tests made using the 
conventional rotating bottle technique, 
give results similar to those observed on 
specimens exposed in the field. Good 
commercial corrosion inhibitors usually 
give excellent results in reducing general 
attack in these tests, but substantially no 
pitting occurs with or without inhibitor. 
Since pH of these waters is usually about 
6, acidic corrosion is considered to be 
the cause of the mild general attack 
observed in such laboratory tests. 

Early in the investigation of the pit- 
ting problem, oxygen was suspected as 
the responsible corrosive agent. However, 
polarographic analyses of injection water 
usually show that oxygen content is gen- 
erally less than 0.4 ppm (limit of pre- 
cision of this analysis). This would be 
taken to indicate that oxygen was not a 
major corrosion factor. Then, the possi- 
bility that scale deposits might be inter- 
fering with inhibitor action was consid- 
ered. Following this line of thought, 
badly scaled injection lines were acidized 
and hydrochloric acid was added con- 
tinuously to the injection water to main- 
tain sufficiently low pH to prevent fur- 
ther scale accumulations. Inhibitors 
showing greater effectiveness in labora- 
tory weight loss corrosion tests were 
substituted for those previously used. 
These treatments resulted in only tempo- 
rary improvement. Leak frequency was 
again high after only several months 
operation under these new conditions. 

In further consideration of this pitting 
corrosion problem, attention was focused 
on the possibility that trace oxygen con- 
tamination was the primary causative 
agent despite low analysis values. It is 
well known that scale and dirt deposits 
provide anodic sites for operation of 
differential oxygen concentration cells. 
The areas under these deposits are par- 
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tially shielded from rapid replenishment 
of oxygen and thus become anodic to 
surrounding areas. Cells of this type 
cause serious pitting corrosion in opera- 
tion of boilers unless measures are taken 
to insure complete oxygen removal from 
boiler feed water. In addition, the char- 
acter of the pitting with boiler water 
containing trace amounts of oxygen ap- 
pears similar to that experienced in sev- 
eral closed system water floods. Even 
with only trace concentrations of oxygen 
(e.g., 0.1 ppm or less), the large volumes 
of brine moving through the lines would 
make significant amounts of oxygen avail- 
able to large cathodic areas surrounding 
very small anodic spots. Solid corrosion 
products accumulating at such anodic 
sites would enhance the shielding from 
oxygen and thus aid in persistence of the 
concentration cell. Also, the inhibitor 
carried by the brine is hindered from 
free access to these anodic sites. This 
analysis could account for the rapid, 
widely distributed pitting experienced in 
water flood injection lines. 

In order to study the factors responsi- 
ble for such corrosion, there was essential 
need for an experimental method that 
would demonstrate both pitting and gen- 
eral corrosion attack of steel in water 
flood brines. In addition, unless an effec- 
tive test could be developed it would be 
impossible to assess remedial measures in 
the laboratory and follow the behavior of 
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Abstract 


Serious pitting corrosion has been experi- 
enced in several closed system water floods 
in secondary recovery operation in oil 
fields. A laboratory test method was de- 
veloped which rapidly reveals pitting tend- 
encies in samples of water foo d brines. 
Using this eed, it was shown that trace 
amounts of oxygen are responsible for the 
pitting in these water floods, and that 
corrosion can be prevented by adding an 
oxygen scavenger such as sodium sulfite. 
Relatively low concentrations of corrosion 
inhibitor are adequate when oxygen is 
completely removed. In addition, a_ low 
cost, rapid response ‘test probe for ‘field use 
has been developed to aid in monitoring 
mitigation treatments. 3.2.2, 4.6.9 


subsequent recommended treatments in 
the field. 

A laboratory test method was then 
developed which rapidly reveals pitting 
tendencies of water flood brines. This 
method utilizes an artificially induced 
crevice created by shielding a small part 
of the surface of a clean steel specimen 
with an inert material. This device simu- 
lates the condition that can occur in the 
field wherein a differential concentration 
galvanic cell is created, the small shielded 
area being strongly anodic to the sur- 
rounding metal surface. In practice, these 
areas could occur in pipe lines through 
scale or dirt deposits. 


Experimental Technique 


In the laboratory study of factors con- 
trolling this pitting type of corrosion, use 
was made of an electrical resistance cor- 


Exposed Steel 
Ribbon ; 


Tied on 


Teflon Coated 
Stirring Rod 


Figure 1—Laboratory corrosion test assembly. 
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Uninhibited Brine 


180 


Corrosometer Reading, microinches 
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rosion measuring device. This method is 
based on measurement of the electrical 
resistance of a ribbon, wire or tube of 
the test metal. When the specimen cor- 
rodes, it becomes thinner and its electri- 
cal resistance increases. From this in- 
crease, one can determine the loss of 
metal from corrosion. It is possible, 
therefore, to observe or measure continu- 
ously the progress of corrosion without 
disturbing the environment or specimen. 

The corrosion probes used had exposed 
elements of mild steel ribbon 4 mils thick 
x ¥g-inch wide x 234-inches long. A piece 
of thin rubber band was tightly tied 
around the center of the ribbon to pro- 
vide an artificial crevice which could act 
as an anode site for a differential oxygen 
concentration cell. Rubber bands were 
selected over cotton string or plastic 
bands since the use of rubber afforded 
continuous tension around the metal 
strips during the corrosion process. Cor- 
rosion meter dial readings (microinches 
penetration) reflected both general attack 
and also the pitting under the band and, 
therefore, had no direct quantitative cor- 
rosion rate significance, being useful only 
as a qualitative indicator. The very thin 
t mil ribbon was needed in order to 
obtain high sensitivity of meter readings 
and to avoid consumption of all avail- 
able oxygen by corrosion before large 
changes in element resistance had _ oc- 
( urred. 


The probes were exposed in one quart 
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Figure 2—Corrosion by flood water “’A”’. 
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glass bottles nearly filled with brine sam- 
ples taken anaerobically in the field. The 
transfers from the field sample containers 
to the laboratory test bottles were made 
in a nitrogen filled chamber so as to 
minimize oxygen contamination. The 
corrosion tests were made at ambient 
temperature (about 70 F) and agitation 
was provided using magnetic stirrers. 
The probes were inserted through rubber 
stoppers which were subsequently securely 
wired into the glass bottles. As additional 
precaution against adventitious oxygen 
leaks, all connections were sealed with 
Permatex No. 2 gasket cement. The 
completed corrosion test assembly is illus- 
trated in Figure 1. 

It was recognized that field samples 
of brine probably suffered additional con- 
tamination with air before arriving at 
the laboratory. This was not serious pro- 
vided gross aeration had not occurred, 
since emphasis in the present study was 
on revealing factors responsible for pit- 
ting and methods for control of this type 
of corrosion. Effects of oxygen, as ex- 
plained later, were shown by chemical 
removal of oxygen and its subsequent 
addition. 


Corrosiveness of Field Water Samples 
As Received Samples 

Results of laboratory studies made with 
uninhibited injection water as received 
from floods “A” and “B” are illustrated 
by one of the curves in Figures 2 and 3. 


CORROSION 


50 ppm Inhibitor '"'H" 


Figure 3—Corrosion by flood water ’’B’’. 
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Pronounced pitting was not found with 
either water sample; however, general 
corrosion was somewhat high (18 mils/ 
yr) in flood water “A” and moderate 
(5 mils/yr) in flood water “B”. The 
initial oxygen content of these waters 
was not measured, but the samples were 
handled anaerobically to minimize addi- 
tional oxygen contamination. 


Effect of Organic Inhibitors 

The effects of adding various commer- 
cial organic inhibitors to the injection 
water samples from “A” and “B” fields 
are shown in Figures 2 and 3. The brine 
“A”, inhibited with 44 ppm _ Inhibitor 
“G” (long chain cyclic amine), showed 
severe pitting under the rubber band, 
resulting in specimen penetration in less 
than 24 hours. The water sample “B”, 
inhibited with either 50 or 200 ppm In- 
hibitor “H” (water soluble imidazoline), 
also showed very severe pitting, resulting 
in specimen penetration in approximately 
30 hours. The appearance of the speci- 
mens showed that general corrosion was 
reduced in the presence of the inhibitors; 
however, pitting was sharply accelerated. 
There was no significant difference in re- 
sults with several common water flood 
corrosion inhibitors (see Table 1). Accel- 
eration of pitting by the added inhibitor 
may be attributed to the inhibitor main- 
taining a generally more cathodic con- 
dition on exposed steel surfaces to which 
it is readily available as compared to 
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Figure 4—Effect of oxygen on pitting corrosion. 


Spotweld 


Test Ribbon 


Knotted Neoprene 


Figure 5—Spark plug probe for field tests. 


small shielded areas to which free access 
of inhibitor is hindered. 


Effect of Oxygen Scavenging 

The effects of chemically removing 
oxygen from these field water samples 
are illustrated in Figures 2 and 3 and 
Table 1. Oxygen scavenging was accom- 
plished by using cobalt catalyzed sodium 
sulfite. In the “A” flood water, 50 ppm 
sodium sulfite with 0.1 cobalt chloride 
was sufficient to remove all oxygen pres- 
ent and provide a slight sulfite residual. 
The water samples from “B” flood ap- 
peared to contain a considerably higher 
concentration of oxygen and 100 ppm of 
catalyzed sodium sulfite was used. 


In the uninhibited samples, oxygen re- 
moval resulted in elimination of pitting 
and slight reduction of general attack 
(see Figure 2). 

With samples inhibited with various 
proprietary materials, oxygen removal 
resulted in complete inhibition. No gen- 
eral corrosion and no pitting were ob- 
served. This was true even at inhibitor 
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TABLE 1—Inhibitor Evaluations* 
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ne. a2 i 
Flood Water Inhibitor ppm oom Pitting General 
“Ar : “a. 200 0 ++ 0 
(Water soluble imidazoline) 40 0 +t+t 0 
40 50 0 0 
20 50 0 0 
10 50 0 0 
5 50 0 “- 
"A ; “G” 200 0 +++ 0 
(Cyclic amine) 20 50 0 0 
_ 10 50 0 0 
“Be 200 0 - 
(Water soluble imidazoline) 100 0 7 0 
20 100 0 0 
10 100 0 0 
5 100 0 0 
“BRB” = 150 0 * + 0 ‘ 
(Coco amine acetate) 10 100 0 0 
5 100 0 + 

















* Conditions: As given in Figurey]2. +++ = 
attack, + = moderate attack, 0 = no attack. 







concentrations as low as 10 ppm (see 
Table 1). There were no marked differ- 
ences in effectiveness among the various 
inhibitors tested. 


In order to demonstrate further the 
effects of oxygen on pitting corrosion, an 
experiment was made providing for oxy- 
gen scavenging after deep pitting had 
occurred on a rapidly corroding probe. 
Results of this experiment are given in 
Figure 4. A crevice containing probe was 
exposed in brine “A” inhibited with 40 
ppm Inhibitor “H”. Rapid corrosion oc- 
curred. At 40 hours, when the probe was 
approximately one-half penetrated, 100 
ppm of catalyzed sodium sulfite was ana- 
erobically injected into the system. In a 
short time, corrosion completely ceased. 
After 90 hours with no corrosion occur- 
ring, 12 ml of oxygen was added in 2 ml 
portions (about 16 ppm). Rapid corro- 
sion resumed, resulting finally in speci- 
men penetration. This experiment is sig- 
nificant since it indicates that complete 
oxygen removal will halt pitting that has 
progressed to a serious degree. In addi- 
tion, it shows that re-contamination with 
oxygen will cause the localized corrosion 
to proceed again. 


The conclusions from the laboratory 
studies which included many additional 
confirmatory experiments can be sum- 
marized as follows: 


1. Trace oxygen, no inhibitor = some 
general, some pitting attack. 

2. Trace oxygen + inhibitor = little 
general, severe pitting attack. 

3. No oxygen + no inhibitor = some 
general, no pitting attack. 

4.No oxygen + inhibitor = no gen- 


eral, no pitting attack. 


It seems clear that oxygen must be 
rigorously excluded from water flood sys- 
tems that are suffering severe pitting at- 
tack. If oxygen is present, even massive 
doses of inhibitor (200 ppm which would 
be economically prohibitive) are ineffec- 
tive in halting pitting. It does not neces- 
sarily follow that pitting corrosion will 
be encountered in a given flood system 
as the result of trace contamination with 
oxygen if the water naturally is capable 
of consuming rapidly, by chemical or 





complete penetration of probe ribbon, +-++ = severe 


biochemical reaction, all the oxygen in- 
advertently entering the system. 


Field Studies 


In order to establish the validity of 
the conclusion that trace oxygen con- 
tamination is responsible for pitting cor- 
rosion in flood waters, it was recom- 
mended that catalyzed sodium sulfite be 
added to two floods that were experienc- 
ing numerous pipe leaks per week. In 
one of these floods, removal of oxygen 
from the injection water reduced the 
corrosion failures from approximately 20 
leaks per week to one per year. In the 
other flood, the response to oxygen 
scavenging was less dramatic. The situa- 
tion in this flood was considerably more 
complicated since serious corrosion had 
occurred over a much longer period; 
consequently, much of the existing injec- 
tion piping was severely damaged. How- 
ever, the leak frequency rate has been 
steadily declining. This has been accom- 
plished with corrosion inhibitor concentra- 
tions at one half the values maintained be- 
fore oxygen scavenging. 


Field Test Probe 


It is recognized that one of the dif- 
ficulties concerned with water flood op- 
erations has been the lack of a sensitive 
field corrosion test able to detect pitting 
in a short time period. Usually, weight 
loss corrosion specimens have to be ex- 
posed for several weeks to get results of 
significance, even when a shielded area 
(use of neoprene rubber band) is pro- 
vided to reveal pitting. Since brief opera- 
tional changes or upsets causing rapid 
corrosion could occur during this period, 
it is difficult to relate operating factors to 
corrosion. 

To meet this need a specimen unit 
was designed that serves as a convenient, 
rapid response indicator of severe pitting 
conditions. This unit is illustrated in 
Figure 5 and was made in the following 
manner. One end of a steel ribbon (2 
inches long, ¥% inch wide, 4 mils thick) 
was spot welded to the center electrode 
and the other end to the ground elec- 
trode of a Model-T type sparkplug* (so 


* The spark plugs must be tested in advance to 
insure that those used do not have high internal 
resistance. 
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selected because the threads are 2 inch 
IPS and thus can be fitted easily into 
existing piping systems). An artificial 
crevice is made on the strip by tying 
a piece of neoprene rubber band around 
it. This crevice sensitizes the strip to pit- 
ting. Rapid penetration of the strip under 
the rubber band should occur if trace 
oxygen contamination exists, thus break- 
ing the specimen. The integrity of the 
specimen can be checked easily without 
removal by a simple circuit tester such 
as a one cell flashlight battery connected 
to a flashlight bulb or to an ammeter. 
Connecting one tester lead to the pipe 
and the other to the center electrode of 
the plug indicates whether the specimen 


has parted or is still intact. Field trials 
of these specimens have shown them to 
be quite useful. 


DISCUSSION 
Question by Charles C. Nathan, The 
Texas Co. Research Lab., Bellaire, 
Texas: 
What was the effect of small amount 
of oil on the efficiency of the organic in- 
hibitors in the test system? 


Reply by P. J. Raifsnider and A. 


Wachter: 


We did not test in the presence of 
small amounts of oil. One would pre- 


Any discussion of this article not published above 


will appear in December, 1961 issue. 


Vol. 17 


sume the efficiency of most organic in- 
hibitors would improve with a significant 
amount of oil in the injection brine. 
We do, however, try to avoid the carry- 
over of crude oil into the injection water. 


Question by Ray W. Amstutz, Tulsa 
Oklahoma: 

How long does it take to get failure 
of the spark plug test specimens? 


Reply by P. J. Raifsnider and A. 
Wachter: 

This of course depends upon the cor- 
rosiveness of the injection water. We 
have had failures in as little as 3 days. 


NACE Guide for Preparation of Articles for Publication 


Persons interested in submitting articles on corrosion for publication in CORROSION can obtain upon 
request a copy of the “NACE Guide for Preparation of Papers.” Write to CORROSION, National 
Association of Corrosion Engineers, 1061 M & M Bldg., Houston 2, Texas. 
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The Casing Inspection Tool — An Instrument for the In-Situ Detection 
Of External Casing Corrosion in Oil Wells * 


Introduction 


TF. HE CASING inspection tool is a 

down hole instrument developed for 
he detection of external corrosion in oil 
well casings. It is a surface recording, 
aon-contacting, eddy-current instrument 
run in casing on a single conductor wire 
line. It measures and records casing wall 
hickness regardless of whether metal loss 
s on the inside or outside of the pipe. 
[n those instances where it is not well 
‘stablished whether corrosion is primarily 
external or internal, it may be necessary 
to run an internal caliper in conjunction 
with the instrument. 

Fortunately, casing corrosion does not 
seem to be a widespread problem. Where 
it does exist, however, it is often a very 
costly problem. Working over a well for 
the detection and repair of casing leaks 
is a major expense. Casing corrosion will 
become of increasing importance as ex- 
isting wells become older and will be 
accentuated by some secondary recovery 
schemes which may demand original 
strength and soundness of an older well. 

Until now no method short of pulling 
the casing has been available to detect 
external corrosion before leaks develop. 
Electrical potential profile surveys taken 
in wells may show where corrosion is 
likely to be occurring but give no indica- 
tion as to the extent of damage that has 
been done. Often external corrosion is 
not suspected until the first leak appears 
and by that time corrosion damage can 
be extensive. Included in this damage, 
while difficult to estimate, should be the 
effects of product loss to higher thief 
zones and the effects of producing forma- 
tion wetting. Undoubtedly minor cor- 
rosion is present in most wells. The im- 
portant question is will it play a signifi- 
cant part in the overall economic picture 
of the field? If corrosion could be de- 
tected in its earlier stages, field plans and 
policies could be made taking it into 
account. In practice this detection process 
might consist of periodically surveying a 
few representative wells in a field to de- 
termine if corrosion damage is present 
and if so, at what rate it is growing. 

The lack of a test for external casing 
corrosion has resulted in relatively little 
effort to control this type of attack. Down 
hole conditions with respect to mineral 
waters, bed conductivities, stray currents, 
etc. are difficult to simulate in the lab- 
oratory. On the other hand full scale tests 
are generally too slow in that a criterion 
for success of such a test might be no 
leaks in, say, 20 years. Numerous cor- 
rosion alleviation schemes have been pro- 
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posed from time to time such as cathodic 
protection, corrosion resistant materials, 
plating, protective coatings, inhibited 
muds and cements, full string cementing, 
etc., but have yet to be fully evaluated. 
Cathodic protection is of particular in- 
terest in that it can be applied at any 
stage of a well’s life. There are certain 
questions with regard to the currents 
necessary for protection and the effects 
of stray currents that are not completely 
answered. 

Corrosion pits which cannot be broken 
down by hydrostatic testing go undetected 
during well workovers. Pits which could 
develop into leaks in a few months go 
unrepaired. In general very little is 
known about down hole leaks or other 
weaknesses. Often the only information 
available is that the casing will not hold 
pressure in an interval stradled by pack- 
ers. This could be caused by one large 
hole, several small ones, split casing, drill 
pipe wear, etc. Unfortunately, testing 
methods used in. the past seldom pointed 
to type of leak involved. 

Potential uses of the casing inspection 
tool can be summarized as follows: 

1. Periodic survey of a sampling of 
wells to determine if casing corrosion is 
present and if so, at what rate it is 
growing. 

2. Evaluating protective measures. 

3. Locating and determining the char- 
acter of leaks, pits and other weaknesses 
prior to repair. 


Choice of Inspection Technique 
Several basic inspection schemes of 
casing wall thickness measurement such 
as ultrasonic or the coil impedance an- 
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Abstract 


A surface recording, down hole instrument 
for the detection of external corrosion in 
oil wells is described. The tool is a non- 
contacting, eddy-current instrument which 
measures and records casing wall thickness. 
Equations are presented which are useful 
in describing the tool’s action. Examples 
of laboratory and down hole logs are shown 
demonstrating the tool’s response to general 
thinning, pits, holes, collars, etc. Results 
of a number of down hole runs representin: 
some 40,000 feet of well logged are discussed. 

2.4.2, 8.4.3 


alyzing form of eddy-current instrument 
were considered for this down hole in- 
spection problem. The remote field ana- 
lyzing form of eddy-current testing 
chosen, while relatively little used, offers 
certain advantages for this particular ap- 
plication. Some of these are: 

1. The tool is non-contacting. Clear- 
ances of from 5 percent to 10 percent of 
the casing inside diameter are used. 

2. The tool is unaffected by dirt or 
scale on the walls of the pipe. 

3. Position of the tool with respect to 
centering or canting has little effect on 
the records. 

4. The record or log obtained is linear 
with respect to average wall thickness 
with an exaggerated indication of flaws 
or discontinuities superimposed on this 
basic indication. 

5. Full 360 degree scanning of the pipe 
is obtained. 

6. Logging speeds up to 3600 ft. per 
hour can be used with 1800 ft. per hour 
commonly used. 


7. The tool operates over the single 
conductor type logging cable. 


8. The operation of the tool is inde- 
pendent of the fluid in the hole. 


The bases for these advantages are de- 
veloped in subsequent paragraphs. 
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Figure 1—Block diagram casing inspection tool. 
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Figure 2—Down hole tool. 


Description 

A block diagram of the instrument is 
shown in Figure 1. An exciter coil fed 
from an alternating current source at the 
surface sets up eddy-currents in the pipe 
walls. The effects of these eddy-currents 
on the magnetic flux distribution are 
detected by a pick-up coil. The exciter 
and pick-up coils are so spaced that there 
is in effect no direct coupling between 
them. Any coupling between the coils is 
done by flux which has for practical pur- 
poses penetrated the walls of the pipe 
and has been attenuated and shifted in 
phase according to the classical eddy- 
current’. Because of heavy attenuation of 
flux penetrating the pipe walls, the pick- 
up signal is quite small and must undergo 
substantial amplification before it is trans- 
mitted back to the surface as modulation 
of a 3 ke carrier. In the surface instru- 
ment this carrier is filtered off the line, 
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which it, of course, shares with the exciter 
signal, and is amplified and demodulated. 
At this stage the signal is a reproduction 
of the pick-up coil signal but in the sur- 
face instrument. The signal is further am- 
plified in a tuned amplifier stage, and its 
phase lag or time lag with respect to the 
original exciter signal determined in a 
recording phase meter. It is this record 
of phase lag of the pick-up signal with 
respect to the exciter signal which is the 
log of casing wall thickness. Theory indi- 
cates that the phase lag of this pick-up 
signal should be linearly related to wall 
thickness. In the instrument a differential 
pick-up coil is used to give an accent- 
uated indication of flaws, pits, etc. which 
is superimposed on a linear average wall 
thickness indication. 

Figure 2 is a picture of the down hole 
instrument. Centralizing springs are used 
to give the instrument equal sensitivity 
in any direction and to minimize coil 
wear. Coil clearances of from 5 percent 
to 10 percent of the pipe inside diameter 
are commonly used. One set of coils is 
sufficient for the various weights of pipe 
in a given nominal casing size, but a set 
of coils is required for each nominal cas- 
ing size. The instrument is constructed to 
withstand the high pressures and tem- 
peratures normally encountered in oil 
wells. The down hole electronics are car- 
ried within the hollow mandrel on which 
the coils are mounted. 

Figure 3 is a view of the down hole 
electronics. The unit is built to an outside 
diameter of 1.125 inch and is fully tran- 
sistorized and battery powered. The units 
are checked out for operation to 325 F. 
Maximum reading thermometers are car- 
ried. 

Figure 4 shows the surface instrument. 
Phase angle is measured by a servo-driven 
phase shifter which nulls the pick-up 
signal with respect to the exciter. A 
linear output voltage as a function of 
phase angle is available from the instru- 
ment for recording. 


Theory 
The classical eddy-current equations 
are as follows: 


27 sl 
Boe = 


27 ft 


where: 


B = magnetic flux density at depth (d) 
Bo = magnetic flux density at surface 
d = depth (cm) 
f = frequency in cycles per second 
# = relative permeability 
p = resistivity in micro-ohm cm 
t = time in seconds 
In the equation, which is, incidentally, 
of the same general form as that for 
cyclic heat flow in one dimension, the 
amplitude variation of flux density with 
depth is given by: 


fu 


Amplitude (B) = Boe 2nd \ p X 10° 


(2) 
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Figure 3—Down hole electronics. 
and phase shift by: 
Phase shift (¢) 


(3) 
Either variation in amplitude or phase 
shift can be used as a measure of wall 
thickness (d). Because of the linear rela- 
tion between phase shift and wall thick- 
ness as well as a reduction in telemeter- 
ing problems, it was chosen over ampli- 
tude. 


The equation (1) has been derived for 
a semi-infinite conducting medium 
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Figure 4—Surface instrument. 


bounded only by the plane d=0O and 
with the magnetic flux density at the sur- 
face parallel to this plane. It has been 
found to apply in many instances to wires 
and cylinders’. The flux distribution re- 
sulting from an exciter coil inside a pipe 
is more complex than under the assump- 
tions which these equations were derived. 
In addition the voltage being developed 
by the pick-up coil is an integrated effect 
of the flux being intercepted by it. To 
substantiate, however, that equation (1) 
is useful in describing the tool’s action, a 
curve, Figure 5, of phase lag of the pick- 
up signal with respect to the exciter as a 
function of pipe wall thickness was deter- 
mined. The agreement of the measured 
points (circled) and an average straight 
line through them is shown. 

As further substantiation, a curve of 
phase lag as a function of frequency was 
determined (Figure 6). Equation (1) in- 
dicates that the phase lag should be pro- 
portional to the square root of frequency 
‘a parabola). A true parabola adjusted 
to pass through the measured phase shift 
point at 60 cycles is shown along with 
the measured points (circled). While the 
agreement is not as close as in the pre- 
vious curve, the deviation is not excessive. 

In the actual instrument the phase of 
the pick-up coil voltage, after telemeter- 
ing to the surface, is measured with re- 
spect to the exciter voltage at the surface. 
These voltages are not in phase with 
their respective flux fields down at the 
tool whose behavior can be described by 
equation (1). The phase shifts along the 
signal path and phase angle between volt- 
age and flux are fixed however, and varia- 
tions in phase angle between these sur- 
face voltages will duplicate the variations 
in phase angle of the flux fields at the 
tool. As an example, in calibrating the 
instrument, a reading is first taken in air 
which is the equivalent of being in a 
pipe of zero wall thickness (d= 0). 
While the instrument will read some 
phase shifts with respect to the exciter 
and pick-up voltages, this reading is con- 
sidered the zero reading. The tool is then 
inserted into a pipe of known wall thick- 
ness and the scale determined from the 


difference of the new reading from the 
zero reading. The increase in phase lag 
is due to the presence of the pipe walls. 


Casing Logs 

Much of the development work on the 
tool was done using a 30-foot section of 
7-inch casing in the laboratory. This cas- 
ing had machined intervals of known 
outside diameter reduction on one half 
and simulated “flaws” on the other. It 
had a standard screwed collar connection 
in the middle. A log of this test pipe and 
its cross section are shown in Figure 7. 
Thinning is to the left. Note that for any 
one boundary, as in the turned down sec- 
tions, there is a double break in the log. 
Half the break occurs as one coil passes 
the boundary and the deflation is com- 
pleted when the second coil passes the 
boundary. This effect can be seen to a 
lesser extent on the flaws and collars. The 
sharp break is due to the pick-up coil 
passing the flaw and the duller break due 
to the exciter. 

There are two saw cuts on the casing 
sample labeled transverse cut and longi- 
tudinal cut. These are each about 3 
inches long, /2-inch wide and about %4- 
inch deep. The transverse cut gives a 
higher amplitude deflection than the 
longitudinal cut demonstrating that flaw 
indication is dependent on the shape and 
orientation of the defect as well as depth. 
There is also a certain amount of minor 
variation in the record which is partic- 
ularly noticeable in the section of pipe 
which has the flaws in it. This is con- 
sidered a background noise. It is believed 
due to variations in electrical resistivity 
and magnetic permeability. As seen in 
equation (1) the signal in the pick-up 
coil is influenced by resistivity, perme- 
ability and frequency as well as the de- 
sired variable, thickness (d). Frequency, 
of course, is held constant, but resistivity 
and permeability can vary. These varia- 
tions may be due to heterogeneity in com- 
position, heat treatment, rolling strains, 
straightening, etc. The noise level shown 
in this and following records is typical. 
It seldom amounts to more than a few 
percent equivalent thickness variation al- 
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Figure 5—Phase lag of pickup signal with respect to 

exciter as a function of wall thickness (7-inch 26- 

pound J55 casing, 534-inch coils, 16 inch spacing, 
60 cycles per second). 
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Figure 6—Phase lag of pickup signal with respect 

to exciter as a function of frequency (7-inch 26- 

pound J55 casing, 16-inch spacing, 0.362-inch wall 
thickness). 
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Figure 7—Seven-inch 26-pound J55 laboratory casing 
sample and typical log. 


though occasionally unusually noisy or 
alternatively quiet pipe is encountered. 
This noise level does constitute a back- 
ground level, however, over which a flaw 
indication must ride if it is to be recog- 
nized and thus is a limit to flaw sensi- 
tivity of the instrument. A representative 
figure for the limit of flaw sensitivity of 
the present instrument in average noise 
level pipe would be a local removal of 
metal equivalent to a drilled 12-inch hole 
in 7-inch casing. A redeeming feature of 
naturally occurring corrosion in oil wells 
is that it often occurs in fairly large 
patches, or in a scattering of pits some 
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Figure 8—Section of well log illustrating pit. 
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Figure 9—Section of well log illustrating hole. 


of which are large enough to demark 
the zone. 

An actual pit occurring in an oil well 
is shown in Figure 8. Thinning is toward 
the left of the chart. The double break 
is quite evident with the sharper indica- 
tion due to the pick-up. This indication 
was known to be a pit and not a hole 
in that the well was pressure tested just 
prior to logging and showed no leakage. 

An actual known hole which had been 
repaired on two previous occasions is 
shown in Figure 9. Since this hole had 
been repaired by the usual squeeze ce- 
menting process, the absence of steel is 
still detected even though there was no 
leakage. The double indication is again 
quite evident, and the amplitude of de- 
flection is about twice that of the previous 
pit. 
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Figure 10—Section of well log illustrating taper 
and pits. 
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Figure 11—Section of well log illustrating general 
thinning. 


pen he ay 


While a certain amount of evidence of 
oil well corrosion indicates that corrosion 
occurs in isolated patches, the tool may 
be called upon to detect general corro- 
sion thinning or drill pipe wear. Its 
ability to do this is demonstrated not only 
in Figure 7, the laboratory sample, but 
also in Figure 10 where a 0.020-inch 
taper is indicated in wall thickness and 
in Figure 11 where a section of casing 
0.015-inch to 0.020-inch thinner than the 
rest is indicated. Figure 10 also shows 
evidence of two pits. The effect shown in 
Figure 11 of a piece of casing indicating 
a slightly different thickness than the 
piece above it or below it is quite com- 
mon in wells. It is thought to be due to 
normal mill tolerances on these tubular 
goods and in part, differences in alloy, 
heat treatment, etc. 
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Figure 12—Section of well log iiiustrating manu- 


facturing irregularities. 
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Figure 13—Section of well log illustrating shoe of 
surface string. 


An interesting effect is shown in Figure 
12. There were four equally spaced indi- 
cations on over half the pieces of casing 
logged in this particular well. Because of 
the regularity of these indications, they 
are thought to be the result of some fea- 
ture of the manufacturing process of this 
pipe which was known to have all come 
from the same manufacturer. 

The surface string casing shoe is of 
interest. At this point the continuous oil 
string casing telescopes into the upper 
surface string and continues within it to 
the surface. It is a possible source of 
corrosion in that any electrical currents 
flowing up the oil string may jump over 
to the parallel path provided by the sur- 
face string. The point at which they leave 
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the oil string may be subject to corrosion 
damage. 

Figure 13 shows this zone in an actual 
well. The shoe is located at 990 feet on 
the log. The record shows a_ stepwise 
thinning at this point, indicating a shield- 
ing effect of the surface string on the 
instrument but does not indicate any 
corrosion. The collar indications are also 
much changed in character. Because of a 
heavy attenuation of the pick-up signal 
within the surface string which makes 
logging and interpretation difficult, logs 
are usually not taken in this region. Cor- 
rosion pitting is indicated on the third 
piece of casing below the bottom of the 
surface string at a depth of 1083 feet. 
There are also numerous other indica- 
tions of pitting in this area and a leak 
was subsequently detected by straddle 
packers in the interval 1219 to 1224. The 
log within this interval shows corrosion 
damage at 1221 feet. This particular log 
shows an example of reproducibility of 


the instrument in that about 100 feet of 
pipe were relogged as a result of recen- 
tering the trace after emerging from the 
surface string. 


Conclusions 

The equipment has been in experi- 
mental use for about one and one-half 
years and a number of wells representing 
some 40,000 feet of pipe have been 
logged. These runs have been in the 
nature of field tests. There are several 
patentable features of the instrument* 
and at present there are two licensees. 
They are working on commercial versions 
of the instrument which should soon be 
available on a service basis. 

While interpretation of the logs seems 
fairly straightforward in that the scale of 
average thickness is linear and that the 
instrument has been so designed that 
thinnings such as pits indicate only in 


*For example, see MacLean W. R., U. S. Patent 
2,573,799. 


Any discussion of this article not published above 


will appear in December, 1961 issue. 
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the thinning direction, there are occa- 
sionally unexplained features on the logs 
which will require additional experience 
to understand. Experience will also de- 
termine if the frequency of high back- 
ground noise pipe will limit the usefulness 
of the instrument, although initial ex- 
perience is encouraging. In the few pieces 
of noisy pipe encountered to date the 
noise had a regular or cyclic pattern 
which would enable pits or holes to still 
be distinguishable. 

Through the use of the instrument pre- 
viously unobtainable, information can be 
gathered on casing corrosion or casing 
deterioration in general, which should 
ultimately lead to a better understanding 
of its causes and its cures. 
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Introduction 
N EARLIER work reported in this 
journal,!:2 the effect of increasing cold 
work was shown to increase the hydrogen 


solubility in steel as measured after 


pickling of the steel in acid. This finding 
confirmed the results reported by other 
observers.*}+ A maximum value of hy- 
drogen-desorption rate in water and in 
dry nitrogen at 38 C occurred below 30 
percent reduction. Severely cold-worked 
steel displayed a considerably lower de- 
sorption rate than less cold-worked steel 
or annealed materials, regardless of 
whether the environment was water or 
dried nitrogen. The importance of steel- 
surface reactions in the desorption of 
hydrogen from steel has been established® 
and is the subject of continuing investiga- 
tions. 

The present study, concerning the in- 
fluence of cold-reduction and heat-treat- 
ment combinations on hydrogen absorp- 
tion by steel immersed in acid, was 
undertaken because of the practical im- 
portance of better understanding — the 
behavior of hydrogen in steel. 


Discussion of Experiment 
Materials 


To study the effect of cold reduction 
on hydrogen absorption by steel during 
acid pickling, sheet-steel specimens repre- 
senting reductions up to 78 percent were 
prepared at the Applied Research Lab- 
oratory, United States Steel Corporation. 
From a hot-rolled slab of a mild steel of 
thickness 0.086 inch, a set of specimens 
was warm rolled at about 700 C to vari- 
ous thicknesses down to 0.0189 inch. The 
chemical composition of this steel is given 
in Table 1. All hot-rolled pieces were 
then given a light sandblasting treatment 
to remove scale and were then _ heat- 
treated for one hour at 650 C in a dry 
atmosphere containing 5 percent hydro- 
gen and 95 percent nitrogen. All the 
pieces were then cold-reduced to a final 
thickness in the range 0.0074 to 0.0220 
inch, the reductions ranging from 2.1 to 
78.6 percent. 

One set of the prepared specimens was 
examined in the as-cold-reduced condi- 
tion (these results were previously re- 
ported in Reference 1, Table 4). Another 
set, having initial reductions of 2.1, 28.3, 
$7.0, 67.6, and 78.0 percent, was box- 
annealed for 4 hours at 650 C in a dry 
atmosphere containing 5 percent hydro- 
gen and 95 percent nitrogen. A_ third 
group, having initial reductions of 3.2, 
28.3, 45.2, 66.8, and 78.1 percent, was 
box-annealed for 4 hours at 650 C in a 
dry atmosphere containing 5 percent hy- 
drogen and 95 percent nitrogen, and all 


% Submitted for publication July 18, 1960. 
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Abstract 


Tests were made to determine the effect of 
cold reduction on hydrogen solubility in 
steel. It was found that this direct relation- 
ship persisted through subsequent heat- 
treatment and later cold reduction. This 
was not true, though, of hydrogen perme- 
ability. Increasing the amount of cold re- 
duction increased the hydrogen solubility. 
Increasing the amount of cold reduction 
also increased the hydrogen permeability 
until a maximum was reached (below 30 
percent reduction for initially hot-rolled 
steel), after which the permeability de- 
creased as the amount of cold work in- 
creased, 3:7.3 


the specimens from this group were then 
given second cold reductions of 60 per- 
cent. A fourth group, having an initial 
cold reduction of about 78 percent, was 
box-annealed for 4 hours at 650 C in a 
dry atmosphere containing 5 percent hy- 
drogen and 95 percent nitrogen, and 
specimens from this group were then 
given second cold reductions that varied 
from 0 to 60 percent. 

All the pieces were sheared into 2- by 
3g-inch specimens, which were vapor- 
degreased with trichloroethylene prior to 
use. 


Apparatus and Procedures 

Specimens to be charged with hydro- 
gen were immersed in 2N sulfuric acid 
solutions at 38 C for various times, after 
which they were removed from the acid 
solution and thoroughly rinsed with tap 
water for 15 seconds. The specimens were 
then given a final rinse with distilled 
water for 5 seconds before determina- 
tion of hydrogen. The hydrogen concen- 
tration in the charged steel was deter- 
mined by the warm-extraction method.® 
In this method, specimens were placed 
in specially constructed borosilicate-glass 
extractors and heated for 16 hours at 
160 C under mercury. The hydrogen 


TABLE 2— Pickling of Steel in 2N H.SO 


| Second Cold | 
Reduction, | 


Initial Cold Box Anneal 





Influence of Cold-Reduction and Heat- Treatment Combinations 
On Hydrogen Solubility and Permeability in Steel* 


By R. M. HUDSON, K. J. RIEDY and G. L. STRAGAND 


, at 38 C as a Function of Cold Work 





extracted was collected over mercury and 
measured volumetrically. The hydrogen 
concentrations given in this paper are in 
cubic centimeters (standard temperature 
and pressure) per 100 grams of steel. 


Results and Discussion 

For all the specimens examined, the 
hydrogen concentration increased linearly 
with the square root of the time that the 
specimen was immersed in acid until a 
saturation concentration was attained. 
This behavior is typical for hydrogen 
charging by acid pickling.! 2: % 5.6 

Although a detailed study of pickling 
rate was not made, some data on weight 
loss during pickling were obtained. Table 
2 gives weight-loss information for 1-hour 
pickling in 2N sulfuric acid at 38 C. 
Multiplication of weight loss in mg by 
the factor 0.096 converts the data to 
grams per square foot of surface area. 
For the first group of specimens (those 
that were prepared by the cold reduction 
of hot-rolled strip), the increase in weight 
loss with increase in cold work demon- 
strates the marked effect that cold work 
has on the pickling rate of steel. The 
second group was prepared by annealing 
for 4 hours at 650 C a set of samples 


TABLE 1—Chemical Composition of 


the Steel 
Element Composition, Percent 
EE ; | 0.14 
Mn... 0.48 
Princes ; ; } 0.009 
Ss ‘ e | 0.030 
Si | 0.013 
Cu | 0.02 
Ni | 0.01 
cr 0.02 
N. | 0.010 
As “| 0.008 


Weight Loss, 


Finish Gage, | mg, after one- 
Inch 


| 
Reduction, Percent | (4 hrs at 650C) | Percent } hour Pickling 
30 No No 0.0182 83 
28.3 No No 0.0190 85 
17.3 No No 0.0203 89 
67.6 No No 0.0194 99 
78.2 No No 0.0185 111 
2.1 Yes No | 0.0189 41 
28.3. Yes No 0.0197 45 
17.0 Yes No 0.0220 51 
67.6 Ves No 0.0213 55 
78.0 Yes No 0.0201 51 
3:2 Yes 60 0.0079 78 
28.3 Ves 60 0.0082 76 
45.2 Yes 60 0.0082 69 
66.8 Yes 60 0.0083 73 
78.1 Yes 60 0.0074 76 
78.0 Yes 0 0.0201 | 51 
78.3.. Yes 15 0.0186 | 48 
78.6. Yes 30 0.0132 55 
78.0 Yes 45 0.0102 69 
78.1. Yes 60 0.0074 76 
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INFLUENCE OF COLD-REDUCTION 
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Figure 1—Effect of cold reductions and heat-treatment combinations on hydro- 
gen solubility in steel. 
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having initial cold reductions similar to 
the first group. The weight losses ob- 
served for the annealed material did not 
show a dependence on the degree of 
original cold reduction employed. The 
third group had had various degrees of 
initial cold reduction, but all were sub- 
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Figure 2—Effect of cold reduction and heat-treatment combinations on hydro- 





gen permeability in steel. 


TABLE 3—Effect of Cold-Work and Heat-Treatment Combinations on Hydrogen 
Solubility and Hydrogen 


Permeability in Steel 


Second Cold Hydrogen Hydrogen 
Initial Cold Box Anneal Reduction, Solubility, Permeability,* 
(4 hrs at 650 C) Percent cc/100g P x 106 


78.0.. a Yes 


Yes 
Yes 
Yes 
Yes 
Yes 





Rr eO ORK ce 0% ; Yes 
Be. i , Yes 
= eI Yes 
Bes a Yes 
Yes 


8. 
8. 
8.6 
8.( 

8. 


SIsIsIsJs] | 


* Unit for permeability is cm? per second. 


sequently annealed for 4 hours at 650 C 
followed by a final cold reduction of 60 
percent. The weight losses observed for 
this group did not show a dependence on 
the degree of original cold reduction em- 
ployed. The last group was prepared by 
annealing the specimens for 4 hours at 
650 C after an initial cold reduction of 
78 percent and then giving them final 
reductions from 0 to 60 percent. The 
weight losses observed for this group gen- 
erally increased with the increase in de- 
gree of final reduction. 

In Table 3 and in Figures 1 and 2 are 
shown the change in hydrogen solubility, 
C,, and hydrogen permeability, P, as a 
function of cold-reduction and _heat- 
treatment combinations. The hydrogen- 
solubility values were taken from the 
saturation plateaus obtained on the hy- 
drogen-absorption curves. The hydrogen 
permeability, P, is defined as the quantity 
of hydrogen (cc at standard temperature 
and pressure) transferred in 1 second 
through a diaphragm 1 millimeter thick 
and 1 square centimeter in cross section. 
The values given in this report were 
obtained by using the equation 



















No 4, 0.75 
60 21.2 0.19 
60 14.2 0.44 
60 17.9 0.46 
60 20.2 0.09 
60 23.0 0.09 
0 4.8 0.75 
15 5.2 4.5 
30 7.7 1.6 
45 12.8 0.18 
60 23.0 0.09 
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| 
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P= 1.25 p G, (1) 
derived by Darken and Smith,® where 
is the slope of the hydrogen-absorption 
curve (the hydrogen concentration in the 
steel plotted against the square root of 
time in seconds, that is, cubic centimeters 
per gram per (second) *, C, is the hydro- 
gen solubility in cubic centimeters per 
gram, p is the density of the steel in 
grams per cubic centimeter, and b is the 
thickness of the specimen in millimeters. 
By using the data obtained in the present 
study and changing the units involved, 
hydrogen permeabilities in square cen- 
timeters per second were computed from 
the derived expression 

P=2.73 X 10-7 ~ (2) 

C, 

where X is in cubic centimeters per 100 
grams per (hour)*, C, in cubic cen- 
timeters per 100 grams, b in millimeters, 
and the density of steel is taken as 7.8 
grams per cubic centimeter. The steel 
thicknesses used in these computations 
were estimated from weight-loss data for 
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one half the time required to reach a 
hydrogen-saturation level for each sample. 

In Figures 1 and 2, the hydrogen solu- 
bilities and permeabilities are plotted 


either as a function of the initial amount 
of cold reduction or as a function of the 
final cold reduction, and for a particular 
curve, these functions are denoted by 
underlining. Thus, the curve designated 
s “HR, CR 78%, BA, CR” is plotted 
as a function of the amount of final cold 
reduction; the materials in this group 
were all hot-rolled, cold-reduced initially 
78 percent and box-annealed for 4 hours 
at 650 C and then cold-reduced 0, 15, 
30, 45, and 60 percent. It should be noted 
that for two of the solubility curves, one 
point is not consistent with the others in 
each group. The reasons for these devia- 
tions are not known. 

From inspection of Table 3 and Figures 
1 and 2, the following conclusions may 
be drawn: Cold reduction of hot-rolled 
strip increased the hydrogen solubility 
markedly, as was reported previously.! 
Annealing the cold-reduced strip lowered 
the hydrogen solubility from that of the 
cold-reduced condition, but the effect of 
the initial cold reduction persisted, the 
highest solubilities for the as-annealed 
specimens being related to the highest 
initial reductions. When cold-reduced and 
annealed steel was given a second cold 
reduction of 60 percent, the highest solu- 
bilities were found for steel having the 


highest initial reductions. For steel ini- 
tially cold-reduced 78 percent and then 
annealed, the hydrogen solubility in- 
creased as the amount of final cold reduc- 
tion increased. 

Cold reduction of the hot-rolled strip 
increased the hydrogen permeability to a 
maximum below 30 percent reduction, 
and further cold reduction lowered the 
permeability. This finding is similar to 
the results of Schumann and Erdmann- 
Jesnitzer,’ who reported that the rate of 
passage of electrolytically charged hydro- 
gen through low-carbon steel diaphragms 
increased with an increasing amount of 
cold work up to 10 to 20 percent reduc- 
tion, and that this rate decreased rapidly 
with further cold work. Annealing the 
cold-reduced strip lowered the hydrogen 
permeability from that of the cold- 
reduced condition to an essentially con- 
stant value, and unlike the hydrogen- 
solubility change, the effect of the initial 
cold reduction did not persist. When 
cold-reduced and annealed steel was 
given a second cold reduction of 60 per- 
cent, the resulting hydrogen permeability 
was nearly constant, regardless of the 
amount of initial cold reduction, and was 
at a low level compared with the other 
conditions examined. For steel initially 
cold-reduced 78 percent and then an- 
nealed, the hydrogen permeability in- 
creased with an increasing amount of 
final cold reduction to a maximum (prob- 
ably below 20 percent reduction) and 
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then decreased with further cold reduc- 
tion; the magnitude of permeability 
values for specimens in this group was 
less than that for the values found for 
the first group. 


Summary 

The effect of cold reduction on hydro- 
gen solubility in steel persisted through 
subsequent heat-treatment and later cold 
reduction. This effect was not observed 
on hydrogen permeability, as computed 
from hydrogen-absorption curves. In- 
creasing the amount of cold reduction 
increased the hydrogen solubility. In- 
creasing the amount of cold reduction 
also increased the hydrogen permeability 
until a maximum was reached (below 30 
percent reduction for initially hot-rolled 
steel), after which the permeability de- 
creased as the amount of cold work 
increased. 
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Corrosion of Steels in Boiling Potassium Carbonate 
Saturated With Carbon Dioxide and Hydrogen Sulfide* 


Introduction 

N DEVELOPING the hot-carbonate 

process!) ? for scrubbing carbon diox- 
ide and hydrogen sulfide from gas mix- 
tures with a potassium carbonate solu- 
tion, corrosion of the steel equipment 
occurred. The corrosion was especially 
severe in scrubbing carbon dioxide. Re- 
boiler tubes were attacked and the ero- 
sion of pump impellers, valve seats and 
piping downstream from the pressure 
letdown valve occurred. Because no ex- 
perimental corrosion data with this re- 
action mixture at 110 C were available, 
a laboratory investigation on rates of 
corrosion and use of inhibitors was 
started. 


Experimental Procedure 


Carbon-steel discs were cut from a 
cold-rolled sheet, 20 U.S. Standard 
gauge, and machined to a diameter of 
2.232 inches. Earlier test with discs cut 
from hot-rolled sheets gave no signifi- 
cantly different results. The discs were 
polished with 240-grit carborundum 
paper, washed, dried, and weighed. 
Thickness was measured with a microm- 
eter. The discs were mounted on a 
spool-type holder® of bakelite and sepa- 
rated by 7/16-inch bakelite spacers. 

A photograph of the assembly is shown 
in Figure 1. The corrosion vessel is of 
stainless steel, 8 inches in diameter x 
934 inches in height. The spool was im- 
mersed in 4 liters of test solution and the 
system was flushed with helium to purge 
it of oxygen. When an acid gas was to 
be used in the test, 0.4 cubic feet per 
hour of carbon dioxide or a carbon di- 
oxide mixture with hydrogen sulfide was 
admitted, and the solution was brought 
to boiling. 

At the end of the test the discs were re- 
moved, washed with water, and scrubbed 
with 3/0 steel wool. The cleaned discs 
were dipped in acetone and dried in air. 
The cleaning was repeated until the dif- 
ference in weight between two successive 
cleanings was less than 1 milligram. Fig- 
ures 2 and 3 show the corrosion unit and 
a schematic flow diagram, respectively. 
Tests were made simultaneously in four 
corrosion vessels. Because of the extended 
periods of operation, the corrosion-testing 
equipment was designed to require little 
attention by plant personnel. Some op- 
erational aspects were as follows: 


(1) A constant head device was used 
for controlling the flow of carbon di- 
oxide and hydrogen sulfide. Although 
more gas was thus consumed, only oc- 
casional throttling was required. 


(2) Purge lines vented to the outside 


* Submitted for publication December 27, 1960. 
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were heated by steam coils to prevent 
plugging in freezing weather. 

(3) Calibrated, sensitive thermometers 
were used to indicate changes in concen- 
tration of solution. Loss of water from 
a steam leak or by volatilization in the 
gas would change the temperature of the 
boiling solution. 

(4) Because a perforated or fritted 
disc to disperse the feed gas in the solu- 
tion would eventually plug with caked 
solid, an expanded open end tube was 
substituted. As the corroding liquid was 
boiling, it was felt that adequate disper- 
sion of the gas was obtained. 

(5) Corrosion discs once used in a test, 
even those showing minor attack, were 
not reused in subsequent tests. 

(6) The carbon dioxide contained less 
than 0.05 volume percent of oxygen. 


(7) The Tutwiler method* was used 
in determining the concentration of hy- 
drogen sulfide. 

The following corrosion tests were per- 
formed: 


1. In K,CO, solutions. 
89 


Abstract 


Corrosion rates of carbon and _ stainless 
steels were determined in boiling solutions 
of potassium carbonate saturated with car- 
bon dioxide and hydrogen sulfide. Solutions 
saturated with carbon dioxide were highly 
corrosive to carbon steel and slightly cor- 
rosive to Type 304 and 347 stainless, Type 
410 stainless behaved similarly to carbon 
steel. Monel was even more resistant to at- 
tack. The addition of only 0.3 percent of 
hydrogen sulfide to the carbon dioxide re- 
duced corrosion rate of the carbon steel 
by 96 percent. Boiling solutions of carbon- 
ate saturated with hydrogen sulfide were 
noncorrosive. 4.3.6 


2. In the K,CO,-CO, system. 
3. In the K,CO,-CO,-H,S system. 
4. In the K,CO,-H.S system. 


Discussion 
Corrosion in Potassium Carbonate 
Solutions 


The rate of corrosion of mild carbon 
steel in boiling solutions of 30 to 45 per- 
cent potassium carbonate was deter- 
mined. The results are shown in Table 1. 
The corrosion rates vary from 10 to 20 
mils per year. X-ray analysis of the cor- 
rosion products on the metal surface in- 
dicated the presence of Fe,Q,. 


Corrosion in Potassium Carbonate- 
Carbon Dioxide System 

As shown in Table 1 and plotted in 
Figure 4, the rate of corrosion increased 
markedly in the presence of carbon di- 
oxide. A 40-percent solution of potassium 
carbonate at 109 C in the absence of 
carbon dioxide has a corrosion rate of 11 
mils per year; in the presence of carbon 


Figure 1—Spool-type holder for corrosion discs. 
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Figure 3—Schematic flow diagram of corrosion testing apparatus. 


Figure 2—Laboratory corrosion testing apparatus. 


dioxide the rate increased to 340. Under 
the conditions of the laboratory test, in 
which carbon dioxide is bubbled into the 
boiling carbonate solution, 15 to 20 per- 
cent conversion of the carbonate to the 
bicarbonate occurs. This conversion cor- 
responds approximately to a two-stage, 
split-stream regeneration in a commerical 
unit. The corrosion of the steel, shown in 
Figure 5, results in a uniform reduction 
of the metal; pitting is rarely observed. 

Two austenitic stainless steels (Types 
304 and 347), a martensitic stainless 
Type 410), and Monel were also tested; 
a boiling 40-percent carbonate solution 
saturated with carbon dioxide was used. 
As shown in Table 2 the austenitic steels 
were slightly attacked (1 mil per year), 


and the Monel even less (0.1 mil per 


TABLE 1—Corrosion of Carbon Steel in 
Boiling Solutions of Potassium Carbonate 
Alone and Saturated With Carbon Dioxide 


Concen- 

tration 

of K2COs, | 

Weight 

Percent 
30 ; None 
35 None 
40 None | 
45 None 


| Length 


| 
| Gas < | 


TABLE 2—Corrosion Rates of Carbon Steel, 
Stainless and Monel in a 40-percent Solu- 
tion of Potassium Carbonate Saturated 


Length | Corrosion 
of Test, Rate, 
Days mpy 


Carbon steel 14 | 340 


AISI Type 304 stainless steel 29 | 1.0 
AISI Type 347 stainless steel 29 | 0.7 
AISI Type 410 stainless steel | 14 i 310 

Monel.. a 21 0.1 


METAL 


* Temperature of boiling solution: 109C 
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year). The martensitic steel had the same 
corrosion rate as the carbon steel—300 
mils per year. 


Corrosion in Potassium Carbonate- 


Carbon Dioxide-Hydrogen Sulfide System 


Mixtures of carbon dioxide and hydro- 
gen sulfide containing 0.3 to 10 percent 
hydrogen sulfide were bubbled into boil- 
ing solutions of 40 percent potassium car- 
bonate. This range in concentration is 
approached industrially in the scrubbing 
of mixtures containing these gases. As 
shown in Table 3 the rates of corrosion 
were all approximately 10 mils per year. 
Thus the addition of only 0.3 percent 
hydrogen sulfide to carbon dioxide de- 
creases the corrosion rate by 96 percent. 
Scrubbing of a gas containing carbon di- 
oxide as the only acidic constituent with 
a hot noninhibited solution of potassium 
carbonate could not be done in mild steel 
equipment because of the excessive cor- 
rosion that would occur. However, if the 
gas contains a small amount cf hydrogen 
sulfide, the reduced rate of corrosion 
could then be tolerated. 

Increasing the concentration of a boil- 
ing solution of carbonate saturated with 
carbon dioxide and hydrogen sulfide re- 
sults in an increase in corrosion. As 
shown in Table 4, the corrosion rate in- 
creased from 8 to 40 mils per year as the 
carbonate concentration was increased 
from 20 to 50 percent. In the commercial 
application of hot carbonate solutions for 
scrubbing acid gases, the concentration of 
potassium carbonate varies from 25 to 
33 percent. 


TABLE 3—Corrosion Rates of Carbon Steel 
in a 40-percent Solution of Potassium 
Carbonate Saturated with Mixtures of 
Carbon Dioxide and Hydrogen Sulfide* 


Corrosion 


Rate, 
CO2:H2S Ratio mpy 
90:10 29 10 
Lf ae 30 8 
BOE s «a: : 30 16 
99.7 :0.3 ; ae 30 12 


Length 
of Test, | 
Days | 


* Temperature of boiling solution: 109C 


CORROSION RATE , mils per year 


10 20 30 40 50 


CONCENTRATION OF POTASSIUM CARBONATE 
SOLUTION , weight percent 


Figure 4—Corrosion rates of carbon steel in boiling 
solutions of potassium carbonate saturated with 
carbon dioxide. 


Lowering the temperature, while main- 
taining the same concentration of car- 
bonate, reduced the corrosion rate. As 
shown in Table 5, with a 30 percent solu- 
tion of carbonate saturated with carbon 
dioxide and hydrogen sulfide, the corro- 
sion rate was reduced 90 percent in low- 
ering the temperature from 104 to 90 C. 
A 90 percent reduction in corrosion was 
also observed when the temperature was 
lowered to 90 C in a 30 percent solution 
of carbonate saturated with carbon di- 
oxide. Concentrations of potassium car- 
bonate above 30 percent could not be 
maintained at 90 C owing to precipita- 
tion of solids. Temperatures of 90 C (194 
F) are used in split-stream operation for 
reducing the carbon dioxide content to 1 
percent and lower (a 2-percent concen- 
tration is usually obtained with the con- 
ventional operation). In the split-stream 


TABLE 4—Corrosion Rates of Carbon Steel 
in Boiling Solutions of Potassium Carbonate* 


Concentration | Tem- Length | Corrosion 
of K2COs, pera- of Test, Rate, 
Weight Percent | ture, °C Days mpy 


30 


* Saturated with a mixture of carbon dioxide 
and hydrogen sulfide in a ratio of 99.7 to 0.3 
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Figure 5—Corrosion of carbon steel in a boiling 50 percent solution of potassium carbonate saturated with 
carbon dioxide. Disc 1—one day; Disc 2—two days; Disc 3—three days; Disc 4—six days; Disc 5—nine 
days; Disc 6—twelve days. 


method about one-third of the solution 
leaving the regenerator is cooled to 90 C 
and pumped to the top of the absorber. 

The rates of corrosion of several stain- 
less steels and wrought iron are com- 
pared with carbon steel in Table 6. The 
18-8 chromium-nickel austenitic stainless 
steels (304, 347) have negligible corro- 
sion in the system K,CO,-CO,-H,S and 
such steels can be used in areas where 
corrosion difficulties are more likely to 
occur. The 410 martensitic and the 
wrought iron have the same corrosion 
rate as carbon steel. 
Corrosion in Potassium Carbonate- 
Hydrogen Sulfide System 

Because hydrogen sulfide so effectively 
reduces the corrosion when mixed with 
carbon dioxide in a carbonate solution, 
a test was made to ascertain if hydrogen 
sulfide alone is corrosive. It was found 
that in a boiling solution of 40 percent 
potassium carbonate saturated with hy- 
drogen sulfide, complete inhibition of 
corrosion was obtained. A_ bluish-black 
film formed which was not removed by 
polishing with steel wool. The film re- 


sulted in a small weight increase of the 
discs. 


Inhibitors 

Use of inhibitors in the hot carbonate 
system is under investigation. Numerous 
reagents have been tested, and a report 
of these findings will be published in the 
near future. 


Conclusions 

Solutions of potassium carbonate used 
in absorbing carbon dioxide and hydro- 
gen sulfide are corrosive to steel equip- 
ment. A laboratory corrosion study has 
shown that boiling solutions of potassium 
carbonate saturated with carbon dioxide 
are highly corrosive; a 40 percent solu- 
tion of potassium carbonate saturated 
with carbon dioxide corroded carbon 
steel at the rate of 340 mils per year. 
The 300 series of stainless steels such as 
304 and 347 suffered negligible attack in 
this mixture (the corrosion rate was 
about 1 mil). Monel was even more re- 
sistant to attack; its corrosion rate was 
0.1 mil. The 410-stainless steel behaved 
similarly to carbon steel. 


Any discussion of this article not published above 


will appear in December, 1961 issue. 
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TABLE 5—Effect of Temperature on Cor- 
rosion Rate of Carbon Steel in a 30 Per- 
cent Solution of Potassium Carbonate* 


Corrosion 


Tem- Length 
Rate, 


pera- of Test, 
GAS ture, °C Days 
CO2+HasS...... 


104 
(boiling) 
CO2+He2S...... 100 


CO2+H2S...... 90 
104 
(boiling) 
90 | 





* Saturated with a mixture of carbon dioxide and 
hydrogen sulfide in a ratio of 97 to 3 and with carbon 
dioxide alone. 


TABLE 6—Corrosion in a 40 Percent Solu- 

tion of Potassium Carbonate Saturated 

with Carbon Dioxide and Hydrogen Sul- 
fide* 


Corrosion 
Rate, 
mpy 


Length 
of Test, 


METAL Days 


Carbon steel.... 97: k 8 
304 stainless... . | 0.03 
347 stainless... 97: d .05 


Carbon steel..../ 
Wrought iron...| 


* Temperature of boiling solution: 109 C 


When hydrogen sulfide was present 
with the carbon dioxide the corrosiveness 
of the solution was considerably reduced. 
A 40 percent solution of potassium car- 
bonate saturated with carbon dioxide and 
hydrogen sulfide and containing from 
0.3 to 10 percent hydrogen sulfide cor- 
roded carbon steel at the rate of 10 mils 
per year—a reduction of 96 percent. This 
lower rate of corrosion can be tolerated 
in carbon steel equipment of satisfactory 
design. 
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An Educational Lecture 


Stress-Corrosion Cracking: A Review of Current Status* 


Introduction 

TRESS-CORROSION cracking is a 
term that lacks a universally accepted 
definition. It might be well at the outset 
to discuss the meaning of this and certain 
related terms. Only in this way is it 
possible to gain understanding of the sub- 

ject matter covered in this lecture. 


Stress Corrosion and Stress-Corrosion 
Cracking 

First, it should be recognized that 
common usage makes a distinction be- 
tween stress corrosion and _stress-corro- 
sion cracking. The Corrosion Handbook? 
defines these terms as follows: 

(a) Stress corrosion is any combined 
effect of stress and corrosion on the be- 
havior of metals. 

b) Stress-corrosion cracking is the 
combined action of static stress and cor- 
rosion which leads to cracking or embrit- 
tlement of metals. 

There are at least two reasons why the 
latter term is defined separately. The 
first reason is that stress can have an 
effect on general corrosion attack without 
local cracking or embrittlement. This can 
be seen in Figures la and 1b, in which 
the stressed section shows the greater de- 
gree of general wastage, other factors 
being equal. Examples of acceleration of 
general corrosion have been cited in the 
literature (e.g., Uhlig’ and Evans?). The 
effects are usually small and tend to be 
overshadowed by other variables. This is 
not particularly surprising, as the effect 
of elastic stress on potential is very small. 
Yang, Horne and Pound? have indicated 
that the observed magnitude of potential 
shift lies somewhere between 0.01 and 0.1 
mv per 1000 psi applied elastic stress. 

Figure 1c illustrates the case where the 
application of stress has not increased 
general corrosion wastage, but has been 
responsible for the generation of a crack 
which would not have formed if either 
the stress or the corrosive environment 
were absent. This is clearly the special 
case of stress corrosion known as stress- 
corrosion cracking. 

The progression of the crack in this 
case may proceed by a combined corro- 
sion and mechanical process, in which 
the mechanical aspect is of a type not 
present in the case of stress-accelerated 
general corrosion. This is the second rea- 
son why stress-corrosion cracking is dif- 
ferentiated from the more generalized 
term, stress corrosion. More will be said 
later about the mechanism of crack 
propagation. 

Effects of corrosion are sometimes 
evaluated in terms of reduction in 
strength of a corroded part or specimen 
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through loss of effective cross section. To 
illustrate this, Figures 1b and lc were 
purposely drawn with equal residual 
cross section and reduction of strength. 
One might assume that, on the basis of 
the strength test, there could be a twi- 
light zone in which it would be difficult 
to distinguish between stress-corrosion 
cracking and acceleration of corrosion by 
stress. Actually, such a _ circumstance 
would rarely, if ever, be encountered in 
actual practice. 

In the first place, stress usually has no 
more than a minor effect on the rate of 
general corrosion attack. In the second 
place, stress-corrosion cracking which oc- 
curs in service is nearly always associated 
with only mild general corrosion. Thus, 
a more realistic representation of what 
one might expect to find is shown in 
Figure 2. As can be seen, there is usually 
little need to be concerned about the 
presence of stress unless the circum- 
stances are likely to lead to stress-corro- 
sion cracking, Figure 2c. 


Static and Cyclic Stresses 
Taking a closer look at the Corro- 
sion Handbook’s definition of stress-cor- 
rosion cracking, it is seen that the defini- 
tion is specific in the use of static stress 
in lieu of stress. This is done purposely 
so that stress-corrosion cracking will not 
be confused with corrosion-fatigue crack- 
ing. It has been established that there 
are at least four differences which justify 
the distinction between cracking by stress 

corrosion and corrosion fatigue. 
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Abstract 


Despite long interest and effort in the 
aan of stress-corrosion cracking, the term 
itself. still lacks a universally recognized 
definition. The paper discusses various de- 
finitions which have been used in the past. 
For the most part, these have been so 
generalized that they fail to distinguish 
among several modes of cracking. An at- 
tempt is made to clear up this apparent 
confusion by classifying the various modes 
of cracking and by illustrating each with 
typical examples. Topics discussed include 
static and cyclic stresses, tensile and com- 
pressive stresses, electrochemical mecha- 
nisms, molten phase attack, and hydrogen 
crackin 


Probably the most important type of 
stress-corrosion cracking, from a practical 
standpoint, is that which is now recog- 
nized as being associated with electrochem- 
ical phenomena. Many examples have been 
observed and_ studied, but only limited 
progress has been made toward a_ basic 
understanding of how the cracking initiates 
and progresses. This type of cracking in- 
volves a complex interplay of metallurgical 
and chemical factors, the study of which 
has taxed the ingenuity of experimenters. 
Definite progress has been made, however, 
and recent accomplishments are a 


First, the cyclic stresses associated with 
the corrosion fatigue process may lead to 
the fermation of cracks that would not 
form in some environments under con- 
ditions of static stress. Second, both 
stress-corrosion cracks and _ corrosion- 
fatigue cracks are commonly observed to 
be preceded by the formation of corro- 
sion pits from which the cracks subse- 
quently propagate. But McAdam‘ has 
pointed out that the pits tend toward a 
saucer shape under stressless and static- 
stress conditions, whereas the pits tend 
toward greater depth and sharpness under 
cyclic-stress conditions. Third, Mc- 
Adam*® has also pointed out that once 
these sharp pits have formed, the metal 
may have already been damaged to the 
extent that the cracks may continue to 
propagate at cyclic stresses below the 
normal endurance limit of the material, 
even if the corrosive environment be re- 
moved. In other words, the corrosion 
aspect acts as a means of producing 
initial stress concentration, the magnitude 
of which may be sufficient to complete 
the development of the crack by purely 
mechanical means. 

Finally, it has been observed that cor- 
rosion-fatigue cracks are predominantly 
transgranular, even in metals which 
would normally fail intergranularly un- 
der conditions of stress-corrosion crack- 
ing. Knowledge of this is sometimes 
helpful in diagnosing the cause of service 
failures. 

There are alloys which do fail by 
stress-corrosion cracking in a transgranu- 
lar fashion. The stabilized austenitic 
stainless steels are an example. In such 
cases it is often difficult to tell the dif- 
ference between corrosion-fatigue and 
stress-corrosion cracks by metallographic 
examination. Figure 3 shows a relatively 
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Figure 1—A_ possible representation of (a) general corrosion without stress, 
(by acceleration of general corrosion by stress, and (c) stress-corrosion cracking. 


straight transgranular stress-corrosion 
crack in an austenitic stainless steel. A 
fatigue crack formed under conditions of 
cyclic uniaxial stress could have a similar 
appearance. 

Figure 4 shows a highly branched net- 
work of stress-corrosion cracks in a simi- 
lar steel. This network is certainly dif- 
ferent from the usual fatigue crack. 
However, thermal fatigue cracks some- 
times are branched like this. Thus, diag- 
nosis of a service failure in a metal, 
particularly one which is subject to 
transgranular cracks from both stress 
corrosion and fatigue, requires know- 
ledge of the circumstances leading to 
failure in addition to the usual metallo- 
graphic evidence. 


To recapitulate: Table 1, borrowed 
from a recent paper by Copson®, is a 
classification of various forms of stress 
corrosion. The approach and _ analysis 
used here closely follow that of Copson. 
However, Copson has provided for stress- 
accelerated pitting and other forms of 
attack in addition to general attack and 
cracking. 


Tensile and Compressive Stresses 


Note that Copson’s definition of stress- 
corrosion cracking limits the stress to 
tensile stress. This is acceptable, as no 
case of stress-corrosion cracking has been 
experienced with compressive stresses. In- 
deed, the intentional introduction of com- 
pressive stresses, such as by peening, is 
one of the means sometimes used to com- 
bat stress-corrosion cracking. 

There have been cases reported (e.g., 
Evans*), in which compressive stresses 
have accelerated corrosion, but cracking 
was not involved. This adds further sup- 
port to the idea that  stress-corrosion 
cracking is a special case wherein the 
progression of the crack is intimately 
associated with both corrosive and me- 
chanical factors. 
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Types of Stress-Corrosion Cracking 

Stress-corrosion cracking involves the 
combined action of stress and corrosion. 
But there is still some question about 
what kind of corrosion is being referred 
to. Should the word be interpreted in its 
broadest sense? If so, it must be under- 
stood that an explanation of the basic 
mechanism involved in one case may not 
apply to the next. Failure to recognize 
that several different processes may be 
involved has led to much confusion. 

Several investigators have attempted 
to classify the various types of stress- 
corrosion cracking. The classification sys- 
tem discussed here is the one reproduced 
in Table 2, with slight editing, from a 
recent paper by Copson.® 


Electrochemical Mechanisms 


Heading the list is the type of stress- 
corrosion cracking associated with elec- 
trochemical action. This type probably 
represents the greatest interest from the 
standpoint of industrial importance. It is 
also the least understood, and the most 
difficult to predict and control. 

Electrochemical action requires cath- 
odic and anodic areas in the presence 
of an electrolyte. In the special case of 
stress-corrosion cracking, Dix’ proposed 
that there must exist a susceptibility to 
selective corrosion along more or less 
continuous anodic paths. Copson’s table 
proposes four possible situations which 
can account for the existence or forma- 
tion of such paths of sensitivity. 

The first situation, A-1, is that in 
which an alloy contains a network of 
anodic constituents. Mears, Brown and 
Dix® studied an example of this in 
aluminum-4 percent copper alloys. Suita- 
ble heat treatment caused precipitation 
of CuAl, at the grain boundaries, there- 
by depleting the alloy of copper in a 
network along the grain boundaries. The 
depleted network was anodic to both the 
CuAl, and the remaining matrix. 


STRESS CORROSION CRACKING: A REVIEW OF CURRENT STATUS 
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Figure 2—A more realistic representation of (a) general corrosion without 
stress, (b) general corrosion in the presence of stress, and (c) stress-corrosion 


cracking. 


In some cases stress is not necessary 
for corrosion to occur along anodic net- 
works, although the presence of stress 
will usually cause marked acceleration 
of attack. In other cases the presence of 
stress is required if attack is to occur. 
Dix’ reasoned that the principal function 
of the stress in such cases was to cause 
rupture of the protective surface film, 
thereby exposing fresh anodic material to 
the corrosive environment. 

When austenitic stainless steels stress 
corrode, they usually do so along a pre- 
dominantly transgranular path. However, 
if the stainless steel is not one of the 
stabilized grades, the path of failure can 
be shifted to the grain boundaries by a 
sensitization heat treatment. Williams 
and Eckel® cited an example in the case 
of Type 304 stainless steel submerged in 
an alkaline-phosphate treated boiler 
water at 500 F. Nonsensitized steel did 
not stress corrode. After sensitization at 
1200 F, the alloy cracked rapidly at the 
grain boundaries where the formation 
of carbides had produced a network de- 
pleted in chromium. Stress was required 
to produce attack in this case, as un- 
stressed sensitized specimens showed no 
significant grain boundary corrosion. 

Returning again to Table 2, the second 
situation, A-2, provides a crack-sensitive 
path by stress-accelerated decomposition. 
Unlike the first situation, which involved 
a pre-existing anodic path in the alloy, 
the second situation is thought to in- 
volve a path that is capable of self- 
generation during the stress-corrosion 
process. 

It may be reasoned that the applica- 
tion of stress can cause local rupture of 
a protective film. The unprotected metal 
at the film rupture is anodic to the sur- 
rounding film, and local corrosion of 
the anode begins. This results in a pit 
which serves as a_ stress-concentrating 
notch. The high local strain at the notch 
then results in precipitation or formation 
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Figure 3—A relatively straight transgranular stress-corrosion crack in an 
Magnification 100X. 


austenitic stainless steel. 
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Edeleanu’® suggested that the above 
mechanism occurred during transgranu- 
lar stress-corrosion cracking of austenitic 
steel. He based his suggestion on the 
observation that cracks followed marten- 
plates formed by strain-induced 
austenite decomposition. This may ac- 
count for some cases, but certainly not 
all. Williams and Eckel,’ for example, 
have shown that austenitic steels with 
completely stabilized austenite can stress 
corrode in the absence of martensite. 

Copson’s item A-3 suggests that local 
plastic deformation may provide a third 
situation leading to generation of an 
anodic crack-sensitive path. This may ap- 
pear at first glance to be similar to the 
second situation. However, a_ different 
concept was in mind. The third situation 
depends on the formation of anode sites 
from strain alone, rather than on a strain- 
induced precipitate or new phase. This 
concept appears to have been derived 
partly from the work of Hoar and 
West,!! who showed that anodic polari- 
zation of an austenitic stainless steel wire 
undergoing strain was less than for a wire 
in a static condition. This observation in- 
dicated greater ease of metal dissolution 
as the lattice was subjected to plastic de- 
formation. The observation also would 
account for crack generation rather than 
general attack, as high strain would con- 
tinue to be concentrated at the tip of an 
advancing crack. 

In discussing the above concept, 
Uhlig!? raised doubts as to whether the 
higher energy of a strained lattice could 
actually account for the rapid anodic 
dissolution rates observed during real 
stress-corrosion reactions. Uhlig’s reason- 
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ing led to the proposal that an increase 
in reaction rate on cold working of 
metals is caused by composition gradients 
produced within the metal by plastic de- 
formation. Similarly, increased reactivity 
along crack-sensitive paths is caused pre- 
dominantly by composition differences 
along such paths, and to a smaller or 
negligible extent by differences in energy 
of atoms displ iced from their normal 
lattice positions. 

Uhlig accounts for strain-induced com- 
position differences by the increased rates 
of diffusion which become possible in 
the vicinity of slip clusters and disloca- 
tion arrays. The accumulation of nitro- 
gen at strain-induced imperfection sites 
was cited as a factor leading to stress- 
corrosion cracking in austenitic stainless 
steels. This seemed to be confirmed by 
experiments!* which indicated that 
greatly increased resistance to cracking 
in the boiling magnesium chloride test 
could be obtained by lowering of the 
nitrogen in stainless steels to very low 
levels. 

If Uhlig’s theories are correct, there 
—— be reason to delete item A-3 from 

Copson’s list of situations leading to the 
formation of crack-sensitive paths. How- 
ever, it would require extension of the 
second item, A-2, to include not only 
the formation of stress-induced new 
phases, but also to include stress-induced 
composition gradients in the vicinity of 
lattice imperfections. 

Item A-4 in Copson’s table concerns 
the stress-induced breakdown of protec- 
tive films. The stress- corrosion me- 
chanism is pictured as starting with 
stress causing rupture of protective sur- 
face films. Corrosion then begins at the 
exposed anode sites. Thus far the circum- 
stances are not different from the other 
situations. However, in this case, it is 
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Figure 4—A branched network of transgranular stress-corrosion cracks in an 
austenitic stainless steel. 


Magnification 100X. 


suggested that the stress has a different 
function in relation to the propagation 
of the crack. It is thought that the cor- 
rosion of the initial anode forms a notch, 
that protective films reform along the 
sides of the notch, and that the stress 
concentration at the notch tip causes 
continuous local film rupture. Thus, the 
notches grow into cracks. 


TABLE 1—Classification of Various Forms of 
Stress Corrosion* 


Stress Corrosion—Combined action of stress and 
corrosion 
A. Uniform attack 
B. Pitting 
C. Cracking 
1. Corrosion fatigue: combined action of cor- 
rosion and cyclic stress. 
2. Stress-corrosion cracking: combined action 
of corrosion and static tensile stress. 
D. Other forms of attack. 


* From Copson®, 


TABLE 2—Classification of Various Types of 
Stress- Corresion ee 


Type A: Attack involving an electrochemical mech- 

anism. 

1. Anodic constituent at grain boundaries 
or elsewhere. 

2. Stress-accelerated decomposition. 

3. Anodic paths from local plastic deforma- 
tion. 

4. Breakdown of protective films 


Type B: Attack involving a molten phase 
. Liquid metal. 
. Fused corrosion product. 
: Molten industrial product. 


Attac . jeoolving hydrogen 
Hydrogen generated by corrosion. 

by Hydrogen generated by a galvanic cou- 
ple. 

3. Hydrogen 
current. 
Attac k involvi ing othe r fac tors 

Wedging action of corrosion products. 
2 Failures which are largely mechanical. 
3. Stress-sorption cracking. 


generated by an impressed 


Type D: 


* wedi Cova with slight che anges. 
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There are many other interesting 
aspects associated with the electrochemi- 
cal mechanisms of stress-corrosion crack- 
ing. An example is the research done on 
film formation and rupture, such as de- 
scribed by Logan,1* Hoar and Hines,1® 
ind others. However, time will not per- 
mit further discussion during this lecture. 

To summarize what has been said 
ibout the electrochemical mechanisms of 
tress-corrosion cracking: 

1. The mechanisms involve an_ inti- 
nate and complex interplay of tensile 
stress, corrosion, and crack-sensitive 
inodic paths through the alloy. 

2. The crack-sensitive paths may pre- 
‘xist in the alloy, or they may be self- 
venerated ahead of the propagating 
rack. 

3. The factors determining the initia- 
ion and propagation of stress-corrosion 
racks include stress level, alloy com- 
yosition, alloy condition, notch  sensi- 
ivity, film formation, film rupture, cor- 
rosive environment, and perhaps others. 

4. The controlling factors probably 
vary from case to case, so that a com- 
pletely satisfactory generalized theory 
may be difficult and perhaps impossible 
to obtain. 

5. Despite the complexities, great 
strides have been made toward under- 
standing the basic reactions in electro- 
chemical stress-corrosion cracking, and 
understanding is the first step toward 
rational control. 


Molten Phase Attack 


No lecture on stress-corrosion cracking 
would be complete without mention of 
other types, which do not depend on elec- 
trochemical action. These types, which 
constitute the remainder of Table 2, will 
be discussed briefly. 

The type of attack listed under item 
B is that caused by reaction with a mol- 
ten phase—either a liquid metal, a fused 
corrosion product, or a molten industrial 
product. Typical examples can be cited. 

The intergranular season cracking of 
stressed brass in mercury, such as de- 
scribed by Edmunds", is the best-known 
example of liquid metal attack. Another, 
described by Page1’, is high-temperature 
intergranular attack and embrittlement 
of stressed steel by zinc. The latter ex- 
ample is of considerable industrial im- 
portance, and the American Society for 
Testing Materials has a recommended 
practice!® to safeguard against embrittle- 
ment of cold-worked steel products dur- 
ing hot galvanizing. 

There are numerous examples of at- 
tack from fused corrosion products and 
molten industrial products. These dif- 
fer mainly in the source of the corrosive 
constituents. In the case of industrial 
products, such as fused salts, the engineer 
usually is aware of the nature of the 
product to be handled, and materials 
for his equipment can be selected accord- 
ingly. 

The situation may not be so readily 
apparent in the case of fused corrosion 
products. These products arise through 
reaction of the alloy with the environ- 
ment, or through deposition of prod- 
ucts directly from the environment. 
When the products are fused, they 


sometimes cause selective attack and em- 
brittlement of stressed alloys. Particu- 
larly troublesome are cases of mixed 
constituents which form eutectics with 
depressed melting points, such as in sul- 
fated-vanadium fuel-oil slags. 


Copson® described grain-boundary 
stress-corrosion cracking of nickel in sul- 
fide environments above 1190 F. This 
temperature corresponds to the melting 
point of the nickel-nickel sulfide eu- 
tectic. Other examples of high tempera- 
ture attack were described by Wilkes!® 
in his paper on turbo-supercharger alloys 
tested in the products of combustion of 
leaded gasoline. 


Hydrogen Cracking 

The type of attack listed under item C 
involves embrittlement and cracking of 
certain metals with hydrogen. Strictly 
speaking, this is not a true corrosion 
process, and perhaps it should not be in- 
cluded in a lecture on stress-corrosion 
cracking. However, hydrogen cracking 
does have the characteristic of being 
stress-dependent, and it is often as- 
sociated indirectly with corrosion prob- 
lems. So it is well to describe hydrogen 
cracking, if for no other reason than to 
eliminate confusion with true _ stress- 
corrosion cracking. 

Hydrogen cracking occurs transgranu- 
larly and is found most frequently in 
ferrous materials at high hardness levels. 
The ferrous materials have a_body- 
centered cubic structure in which hydro- 
gen has a rapid diffusion rate but limited 
solubility. This situation is conducive 
to the accumulation of hydrogen at im- 
perfections and dislocations. Presumably, 
crack propagation proceeds by purely 
mechanical means, abetted by the lower 
ductility and greater notch sensitivity of 
the alloys at the higher hardness levels. 

Three sources of hydrogen are indi- 
cated in Table 2. The first source is 
hydrogen generated by corrosion, par- 
ticularly in acid environments. Hydrogen 
embrittlement from this source may be 
accelerated greatly by the presence of 
certain catalysts such as sulfides and se- 
lenium. Bloom?° has described examples 
of corrosion-generated hydrogen cracking 
in martensitic stainless steels and other 
hardened stainless alloys. 

The second source of hydrogen is that 
generated by galvanic corrosion of a 
couple, with the hydrogen contaminating 
the cathodic member. Uhlig?! reported 
an example of this in which hardened 
13 percent chromium steel was caused 
to fail rapidly by coupling to aluminum 
in 3 percent sodium chloride solution. 

The third source of hydrogen is that 
generated by an impressed cathodic “pro- 
tective” current. It is of interest that, 
whereas cathodic protection may be an 
effective means of preventing stress-cor- 
rosion cracking which involves an elec- 
trochemical mechanism, this same 
cathodic current may result in cracking 
of alloys which are susceptible to hydro- 
gen embrittlement. 

An allied problem of recent impor- 
tance has been the hydrogen cracking 
of electroplated high-strength steels used 
in aircraft and missiles. An example, as- 
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sociated with cadmium plating, was de- 
scribed by Cash and Scheuerman.?? 


Other Forms of Attack 


The forms of attack listed under item 
D in Table 2 are special cases which do 
not fit readily under the other categories. 
Some of these forms may not be true 
cases of stress-corrosion cracking. But 
their recognition and description does 
have some importance. 


The first of these cases is thought to 
be associated with the wedging action of 
oxides or other solid corrosion products. 
The idea is that these products are de- 
posited in active cracks, that the result- 
ing volume increase leads to a pressure 
build-up which develops lateral tensile 
forces, that these forces combined with 
residual and applied stresses cause crack 
extension, and that this permits entry of 
more corrosive constituents to continue 
the process. Nielsen?* recently demon- 
strated experimentally that significant 
stresses do develop under such circum- 
stances. For example, in one of his 
experiments, he found measurable stress 
build-up from hydroxides precipitated 
under constraint from an _ electrolyzed 
chloride solution of an austenitic stain- 
less steel. 

An area where wedging action has re- 
ceived considerable attention is that re- 
lated to the effect of environment on the 
elevated-temperature creep-rupture prop- 
erties of alloys. It has been recognized 
for many years that the environment, 
whether gaseous or otherwise, may have 
a detrimental effect on the rupture life 
and ductility of alloys subjected to stress 
at high temperatures. This subject was 
reviewed recently by Finnie and Heller.?* 

It is of interest that the creep-rupture 
life of certain alloys is sometimes better 
in air than in vacuum or inert gases. 
This would seem contradictory to the 
oxide-wedge theory. One possible ex- 
planation is that the material is strength- 
ened by local “alloying” in the form of 
internal oxidation and nitriding of the 
material in the vicinity of the crack. 
Examples of creep strengthening of this 
type have been described by Shahinian?> 
and Widmer and Grant?®. 

Item D-2 in the table covers failures 
in which the initial formation of a crack 
is associated with a corrosion process, 
but in which the crack then proceeds by 
purely mechanical means from the stress 
concentration produced by the initial de- 
fect. Whether or not the initial crack 
wil propagate mechanically depends on 
the stress, geometry and material in ac- 
cordance with the Griffith-Irwin theory?’. 
This theory states that rapid crack ex- 
tension will occur whenever a small in- 
crease in crack area would result in the 
release of at least as much elastically 
stored energy from the piece as the 
energy required to form the crack. Ex- 
perimental means to measure the “criti- 
cal energy release rate” which controls 
crack propagation were described re- 
cently by Lubahn?*. 

The final item in Table 2 is a type of 
failure which has been called stress- 
sorption cracking. Uhlig'* cited examples 
of materials, including Mg,Sn crystals 
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and certain Al-Zn alloys, which cracked 
in the absence of any known stress by 
exposure to pure water or salt solutions. 
The proposed mechanism was that cer- 
tain ions, such as Cl or OH-, adsorbed 
selectively at grain boundaries or other 
lattice imperfection sites, thereby leading 
to crack generation from the reduction 
of surface energy and loss of affinity be- 
tween adjacent metal atoms. 

Uhlig carried this theory further by 
suggesting that similar ion adsorption 
might occur at lattice imperfection sites 
induced by plastic deformation. If this 
action occurred conjointly with electro- 
chemical action, it could result in a 
mechanism of crack propagation in which 
physical parting along paths of low sur- 
face energy would alternate with electro- 
chemical dissolution of anodic areas. This 
type of crack propagation would fit in with 
the intermittent crack-growth pattern 
which has been observed and reported to 
be characteristic of several metals under- 
going stress-corrosion cracking. Also, as 
metals may be selective in reception of 
adsorbed ions, the theory may account 
for the observation that stress-corrosion 
cracking occurs in certain electrolytes 
and not in others. 


Closure 

In conclusion, it would be fitting to 
quote Charles F. Kettering, who once 
said, “A problem thoroughly understood 
is usually fairly simple.” This same 
quotation was used at the conclusion of 
the 1944 ASTM-AIME Symposium on 
Stress-Corrosion Cracking. Now, in 1960, 
it is interesting to see if general under- 
standing of the nature of stress-corrosion 


cracking is actually any more complete. 
Certainly the intervening sixteen years 
have helped to narrow the gap. But al- 
though progress has answered some of 
our older questions, it has also broadened 
our perspective and introduced new ques- 
tions that still remain unanswered. 

Thus, the problem is not yet a simple 
one. The author’s only hope is that this 
paper has brought the reader some de- 
gree of order out of confusion, and a 
desire to carry on the search for truth 
and basic understanding. 
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Part 5—Stainless Steel 


Corrosion of Metals in Tropical Environments* 


By A. L. ALEXANDER, C. R. SOUTHWELL and B. W. FORGESON 


Introduction 
HIS REPORT is the fifth in a series 


describing the corrosion rates of a 
variety of metals in the tropics. Earlier 
papers! 2» 3,4 have presented data for a 
number of unalloyed metals, structural 
steels, and wrought iron. As in earlier re- 
ports, the data presented here are based 
on the results of exposure of stainless 
steels lasting for eight years, during 
which measurements were made at the 
end of one, two, four, and eight years, 
respectively. Since the earlier work® 
pointed to the inadequacy of the short- 
term data, it is proposed to continue 
these studies until data are obtained 
covering a total exposure period of six- 
teen years. The methods and procedures 
employed in the program are described 
in the first report of the series.1 

The Panama Canal Zone has within 
its 45-mile length a large variety of ex- 
posure conditions. Available here are 
deep jungles and extensive cleared areas; 
access to two oceans, the Atlantic with a 
surf beach and the Pacific with a nor- 
mally clean shoreline; a large body of 
almost-constant-level fresh water in Ga- 
tun Lake; and a brackish water, con- 
stant-level lake at Miraflores. Practically 
all tropical exposures are found in this 
area, and test sites can be set up on mili- 
tary reservations or other secure loca- 
tions serviced by good roads. Severe 
storms that might endanger years of test- 
ing are unknown. Thus, from all con- 
siderations, conditions are ideal for long- 
term natural-environment-exposure test- 
ing. The sites employed included marine 
and inland atmospheric exposure, fresh 
water immersion, and continuous and 
mean tide sea water immersion. 

The discovéry of stainless iron and 
steel about 1912 by Preasley, Strauss, and 
Manner and the introduction of these 
metals into the United States in 1914 
were momentous events for the ferrous 
metals industry. The uses and production 
of these metals, which started as a 
trickle, developed so that by 1946, when 
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Figure 1—Underwater bimetallic couple sample. 


Abstract 


Eight-year exposure tests of six stainless 
steels to underwater and atmospheric en- 
vironments in Panama Canal Zone are 
described. Test environments included sea 
water immersion, lake water immersion, 
seashore inland, inland, sea water mean 
tide, and seashore. Structural steels, phos- 
phor bronze and naval brass were also 
evaluated for comparison. Stainless steel 
plates later were galvanically coupled to 
carbon steel strips for testing in tropical 
waters. 

Stainless steels were not recommended 
for sea water service where perforation of 
structure is a consideration. They gave 
excellent results, however, in tropical fresh 
water. Tropical atmospheres appeared more 
corrosive to stainless steels than did tem- 
perate climates. 4.2.7, 6.2.5 


this corrosion program was started, the 
annual production of stainless steel ingots 
had reached 550,000 tons.® 

Stainless steels have amazingly good 
corrosion resistance for certain conditions 
of exposure. These metals differ from 
most others in that they depend for cor- 
rosion resistance on surface passivity en- 
gendered by an oxidizing exposure me- 
dium, rather than upon natural chemi- 
cal inertness. (Binder® has stated that 
characteristics of both the stainless steel 
and the corrosive environment must be 
fully recognized in order to apply these 
steels successfully to a specific purpose.) 
When such facts are not ordinarily 
known, it is frequently necessary to 
evaluate the metals under operating con- 
ditions before an optimum alloy selection 
can be made. Since data concerning the 
long-term resistance of stainless steels to 


natural environments were rare and since 
no knowledge existed concerning the 
effects of the more corrosive tropical en- 
vironments, studies of stainless steels be- 
came an important component in the 
present investigation. Six different alloys 
of stainless steel were included in some 
or all of the five tropical exposures. 
Thus, results from the exposure of six 
stainless steels have been completed for 
eight years and are reported herein. 


Experimental Conditions 

Exposure Environments 

Specific locations of each of the test 
sites have been described previously.’ 
These sites provide for exposure to fresh 
water, sea water, mean tide, marine and 
inland atmospheres. ‘The atmosphere and 
water at each were sampled? * + suffi- 
ciently to gain some idea of any unusual 
corrosion agents which might be present. 
In addition, sufficient meteorological data 
were collected at each site to permit 
correlation with weather conditions de- 
scribed by the Panama Canal Company, 
Section of Hydrography and Meteor- 
ology: 2 to cover a minimum period of 
twenty years. 


Metals and Methods 

The six stainless steels studied in these 
natural tropical environments include: 
(A) a low-cost general-purpose marten- 
sitic type containing 13 percent chromi- 
um, AISI No. 410; (B) an easily formed 


A B 


Figure 2—Typical stainless steel (18-8) corrosion pattern after eight year’s exposure in the Pacific Ocean, 
Panama Canal Zone. 
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ferritic alloy commonly used for 
pheric exposures containing 17 
chromium, AISI No. 430; (C) a general- 
purpose austenitic stainless alloy of 17 
percent chromium and 7 percent nickel, 
AISI No. 301; (D) the best known and 
most widely used of the stainless steels, 
the austenitic alloy containing 18 percent 
chromium and 8 percent nickel, AISI 
No. 302; (E) an 18 percent chromium, 
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13 percent nickel, and 2 percent molyb- 
denum austenitic alloy, containing the 
high nickel and added molybdenum to 
give superior resistance to marine expo- 
sures, AISI No. 316; and (F) an 18 per- 
cent chromium and 10 percent nickel 
austenitic stainless steel, with 1/2 percent 
titanium added to increase en to 
intergranular corrosion, AISI No. 321. 

Of these stainless steels, A, B, C, and E 
were exposed in the tropical atmospheres 
at Miraflores and Cristobal. A phosphor 
bronze (G) and a typical low-alloy steel 
(J) were included at these sites for com- 
parative purposes. Stainless steels A, D, 
E, and F were immersed in tropical 
waters at Fort Amador and Gatun, along 
with phosphor bronze (G), mild struc- 
tural steel (I), and, in one instance, 
naval brass (H) as controls. Complete 
chemical composition and letter identifi- 
cation of all the metals included in this 
report are given in Table 1. 

Ten replicates of each metal were ex- 
posed in each environment. This pro- 
vided for the removal of duplicate panels 
from each location after one, two, four, 
eight, and sixteen years. Before exposure, 
all test pieces were solvent cleaned and 
vapor degreased in trichloroethylene. The 
test pieces were then dried in an oven 
at 160 F before being placed in a desic- 
cator for cooling prior to initial weighing. 
Each sample was weighed, measured, in- 
spected, and photographed before being 
installed in its rack. 

Uncoupled samples for exposure at the 
immersion sites measured 9 inches square 
and % inch thick. Bimetallic couples were 
9x9x%% inch plates to which 2x9x 4 
inch strips were bolted. A view of an as- 
sembled couple is shown in Figure 1. All 
underwater test panels were in contact 
with ceramic insulators only and were 
oriented so that the rolling axis was hori- 
zontal. Each rack contained four sets of 
duplicate specimens, with glass barriers 
between each set and between the termi- 
nal specimens and the ends of the rack. 
This arrangement provided insulation 
against possible stray electrical currents. 
The racks were located so that signifi- 
cantly dissimilar metals would not be in 
proximate locations. 


Upon removal from exposure, the im- 
mersion panels were cleaned at the site 
of marine growth and any heavy cor- 
rosion product. The panels from all loca- 
tions were then chemically cleaned at the 
laboratory: stainless steels, bronze, and 
brass with 18 percent hydrochloric acid, 
and structural steels in 10 percent sul- 
furic acid with 1 percent quinoline ethio- 
dide inhibitor. Cleaned samples were 
weighed, measured, inspected, and photo- 
graphed. Pit depths were referred to the 
original surface of the metal, either by 
measurement from an uncorroded sur- 
face or by calculation using the original 
and final average measured thickness of 
the sample. The average of the twenty 
deepest pits represents the average of 
the five deepest pits measured on each 
side of duplicate specimens (an area of 
2.25 sq ft for the immersion samples and 
0.89 sq ft for the atmospheric samples). 
The methods of exposure and evaluation 
were considered in more detail in the 
first paper of this series.! 
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Underwater Corrosion Results 
Type of Corrosion Attack 


Passive stainless steel is practically 
noncorrosive in natural environments. 
When corrosion does occur it results 
from a destruction of passivity in some 
area through contact with a nonoxidizing 
solution; for example, pits form at points 
of fouling attachment in sea water. These 
pits are often very deep and sometimes 
elongated; they are formed by the action 
of active- —— cells. 

Figure 2 shows typical pitting attack 
occurring on austenitic stainless steels in 
tropical sea water. The side views show 
the heavy pitting on a vertical edge and 
a typical section through the plate. The 
elongation of the pits occurred in the 
direction of gravity and transverse to the 
direction of rolling, thus indicating that 
metal defects had no part in the growth 
of these pits. Uhlig? explains the elon- 
gated pits in chloride solution as being 
caused by the formation of a_high- 
density, acidic ferric chloride within the 
pit that breaks down the passivity of the 
metal directly below; therefore, pitting 
progresses in the direction of gravity. 

The apparent randomness of pitting 
would lead one to expect an uncertain 
direction to the corrosion-time curves 
and poor reproducibility of results. This 
was the case when pitting depth alone 
was considered, as will be shown later; 
but measurement of weight loss, all of 
which was due to pitting corrosion, gave 
very good reproducibility, and for most 
cases, almost a straight line relationship 
with time developed after the first year. 
This would indicate that, although dif- 
fering in frequency or depth, the total 
corrosion pitting in sea water varies very 
little from plate to plate on samples of 
this size. 

Table 2 is a comprehensive tabulation 
of corrosion damage for all the metals 
reported here. Since weight loss for the 
stainless steels was due entirely to pitting 
attack, the greater portion of the stainless 
surfaces remained in their original con- 
dition. No real meaning is attached to 
such terms as reduction in thickness or 
average penetration, so they have been 
omitted. Likewise, the pitting factor has 
no significance for these metals and is not 
included. 


Relative Intensity of Various 
Exposures in Sea and Fresh Waters 

The fresh water of Gatun Lake, which 
proved to be a very corrosive environ- 
ment for ordinary carbon steels, pro- 
ducing eight-year weight losses of 46 gm 
per sq dm, had absolutely no corrosive 
effect on the austenitic stainless steels 
and very little on the martensitic straight 
chromium type; the latter showed a 
weight loss of only 1.1 gm per sq dm 
after 8 years’ exposure. 

Mean tide exposure also’ proved mild 
for the stainless steels. Eight-year weight 
losses amounted to only 16 percent of 
that produced by continuous immersion 
in sea water. Pitting was much less in- 
tense at mean tide than during total im- 
mersion, even though a heavy barnacle- 
type fouling developed at this half-tide 
elevation. The deep and elongated pits 
that occurred on the austenitic steel con- 
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Figure 3—Relative corrosion of stainless steel (18-8) for immersed exposures Figure 4—Comparison of stainless steel, phosphor bronze and structural steel, 
in the Panama Canal Zone and on the East and West coasts of the United States. following continuous immersion in tropical sea water, with respect to weight 
loss and pitting corrosion attack. 










TABLE 1—Chemical } Commneninen of Metals Included in | This ee: 

























































































| 
| Composition (percent) 
Specification 
Immersed ‘Samples 
ee, | ei ova | | | 
Stainless Steel 47-S-20 INT | | | | | | | 
A No. 410 (13 C r) Grade 3A | 0.07 13.15 0.08 | 0.48 | 0.23 | 0.016 | 0.29 | 0.021 | | 
Stainless Steel QQ-S-766 | a 
D No. 302, (18- oe Grade 1C 0.09 | 17.79 | 0.072 | 1.15 | | 8.88 | 0.034 | 0.56 | 0.018 | | 
Stainle ss Steel QQ-S-766 | | | 
E No. 316 (18-13 & Mo) Grade 1H } 0.11 17.93 0.084 | 1.67 | 2.32 | 12.08 | 0.019 | 0.54 0.023 | | | | 
Vii eae eas Sa aa ee Ss > sal as ele a re 
Stainless Steel QQ-S-766 | 
F No. 321 (17-10 & Ti) Grade 1I 0.08 17.63 0.13 1.11 } 10. 33 | 0.013 | 0.44 | 0.030} 0. 50 | | | 
Phosphor QQ-B-746 | | | | | 
G Bronze Grade A } 95.54 | j 0.25 | 0.010} 0.048} 4.21 | 0.30 
| | QQ-B-636 | 
Naval Type IV, | | | | 
H Brass ¢# Half hard | 59.87 | | | | 0.05 | 0.09 | 0.58 | 39.41 
QO-S-741 | | | | 
Type II, | | 
I Mild Structural Grade A, | | | | | | 
Steel Class 1 0.24 | 0.03 0.080 0.48 | | 0.051} 0.040 | 0.008 0.027 
' | | | | | 
Atmospheric Samples 
Stainless Steel QO-S-766a | | | } 
A No. 410 (13 Cr) | Class 3a 0.08 | 14.42 0.078 | 0.44 | | ©. 52 } 0.017 | 0.35 | 0.020 | | 
| eee $$ | —____ - - | | ~ —| ——__—— — - —— | — |— — cece 
ASTM A 176-44 | | | | 
B Stainless Steel Grade 4 | | | | | | | 
No. 430 (17 Cr) Finish 1 } 0.10 17.22 0.024 | 0.34 | ;} 0.12} 0.014 0.29 0.008 | 








Q0-S-766a | | 
Stainless Steel Class 4 | | 


| | 
| 














| 
| | | | 
C_ | No. 301 (17-7) Condition a } 0.10 | 18.12 0.030 | 1.13 7.62 0.012 | 0.39 | 0.021 | 
Finish 1 | | | | | 
— - anal reacts poo _ . . | i— SS ee —_ _— 
20- S- 766a | | | } | = | | | | 
E Stainless Steel Class 5 0.08 | 17.08} 0.078 | 1.50} 2.12 | 11.96 | 0.031 | 0.43 0.016 | | | 
| | } 


No. 316 ( (18-1: 3 & Mo) Condition a 


Q0- S- 766a | | | | | | 
F Stainless Steel Class 6 | 0.09 | 17.76 0.13 | 1.00 | | 9.92; 0.011 | 0.53 | 0.018 | 0.54 | 
No. 321 (17-10 & Ti) Condition a | | | 











































phosolior | OQ-B-746 | | | | 

S Bronze Grade A | 95.10 07 | .358 .04 | 0. 00 | 4.38 0.00 
Proprie tary | | | | 
J Low Alloy Steel Cu, Ni, Mn, Mo ne 0.03 | 0.59 | 0.73 | 0.19] 0.82 | 0.065 | 0.067 | 0.018 | 





NOTE: Numbe rs diamnste for sitedaes stee ‘iis are nearest equivalent AISI saad rs with the approximate dmmaiaa or chromium- wich content shown in italia 
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above comparisons and from Figure 3. 
This figure shows the corrosion-time 
curves for 18-8 austenitic stainless steel 


i a cecan ll 
YR. [260]261 ¥ |245%]270 *__| in all three immersion environments. The 
[8 YR. J260¢1236 #1245¢]270 * | bar graphs relate comparative losses of 
* PLATE PERFORATED 18-8 alloy submerged continuously in 
temperate sea waters. Comparison with 
the corrosion curve from the tropical sea 
water in the Canal Zone shows that the 


samples from the East Coast of the 

United States, at Kure Beach, North 
geen Carolina’ suffered only 40 percent as 

much corrosion loss. The tests with the 
same alloy at Port Hueneme, California,® 
indicated only half the corrosion damage 
as in the tropical sea water in the Canal 
Zone. Undoubtedly, the heavy marine 
fouling encountered in the tropics is a 
major cause of this greater corrosion 
damage. 


MAXIMUM PENETRATION (MILS) 
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Figure 5—Comparative corrosion of various stainless steel alloys continuously immersed in tropical sea of Stainless Steel, Structural Steel, and 


water. Code to stainless steel: A—Type 410 (13 percent Cr); D—Type 302 (18 percent Cr, 8 percent Ni); 2~hosphor Bronze in Tropical Waters 
E—Type 316 (18 percent Cr, 13 percent Ni, and Mo); F—Type 321 (17 percent Cr, 10 Ni and 0.5 percent Ti). Pho phe Bronze of : 


Comparison of Weight Loss and Pitting 


: ‘ ‘ , ei Gatun Lake fresh water is a relatively 
tinuously submerged in sea water were maximum penetration of similar plates orrosive medium for structural carbon 
not in evidence for the same metal at the at mean tide was only 26 mils. Even | 1 ; adda aah 

mean tide location. Of the three aus- after eight years, penetration did not ex- St@e!» Causing weight losses approaching 
tenitic stainless steels, all had perforated ceed 110 mils. that occurring in sea water, but the 18-8 
250 mils) by the end of one year of Continuous submersion in tropical sea stainless steel and phosphor bronze are 
continuous immersion in tropical sea water is a relatively severe exposure for very resistant to both weight loss and 
water; for the same length of time, the _ stainless steels, as can be seen from the _ pitting attack in this water. Thus, a con- 


TABLE 2—-Comprehensive Evaluation of Corrosion Damage of Stainless Steels, Structural Steels, and 
Thenpner Bronze ‘Gnpesed to ‘wraptent Environments — in the Panama Canal Zone 


| Percent Loss| Type 
in Tensile | Corrosion 


Weight Loss (g/dm?) ~ Average 20 Deepest Pits (mils)* Deepest Pit (mils)* | Strengtht | Attack 


. ;. <i > : . . “See . 4 > Pe oer 

Exposure air | 2c } 4¥e) 8 Ye | ir oat | ae) eae 1Yr aae | ‘Yr | 8 Yr 4Yr 1Yr 
Sea WaterImmersion | 5.99] 9.56] 15.87) .28.09) 61(11) | 64(11) {148 161 | 260(p) | 264(p) | 260(p) | 259(p) + | KQH 
Sea Water Mean Tide 1.01} 1.99} 3.32) 6.68) 46 | 65 | 67 67 66 140 173 | 152 0 | JKQ 

Stain 8 Lake Water Immersion 0.00} 0.18) 0.65) 1.06) 0(0) 0(0) | 0(0) 0(0) ; 0(0) 0(0) 0(0) | = 000) 0 K 

No. 410 (13 Cr) wasnnil | : 

Seashore Inland 0.08; 0.11) 0.11) 0.08) 00) oo) | 8 0(0) | = 0(0) 0(0) 5 0(0) 0 KR 

Inland 0.00) 0.05; 0.00! 0.00) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 


eae aie Seashore 0.05} 0.07) 0.07; 0.07) 00) 0(0) oo) | O(0) | O00) 0(0) 0(0) | 00) 0 
No. 430 (17 Cr) Inland 0.00; 0.02) 0.00) 0.13) 0(0) 010) | OO) | 0(0) 0(0) 0(0) 0(0) 0(0) 0 


Stainless Stee | | 
No. 301 Seashore 0.00} 0,00) 0.01) 001) 0(0) 0(0) 0(0) 0(0) ovo) | OO) | O00) | = O0(0) 
(17 Cr, 7 Ni Inland 0.00) 0.00) 0.00) 0.01) 000) 0(0) oo) | O(0) | OO) | OO) | 000) 0(0) 


| Stainless Stee Sea Water Immersion 2.93} 4.43] 7.06) 10.99) 70(12) | 74 107 140 | 261(p) | 238 | 286(p) | 236 
No. 302 Sea Water Mean Tide 0.36) 0.55) 0.99) 1.76) 7(13) 6(10) | 26 57 | 20 82 | 110 
8 Cr, 8 Ni Lake Water Immersion 0.00) 0.00) 0.00, 0.06) 000) 0(0) 0(0)) | 0(0) 0(0) 0(0) 0(0) 
Sea Water Immersicn 1.18! 0.65 5 4.08} 44(7) | 52 {8 154 248 | 92 93 245(p) 
Stainless Stee Sea Water Mean Tide 0.13) 6.10 a 0.39) 5(9) 0(0) 7(12 16 2: i} 0(0) | 22 20 
No. 316 Lake Water Immersion 0.00) 0.00) 0.00; 0.60) 000) 0(0) 00) 0(0) | | 0(0) | 0(0) 0(0) 
18-13 & Mo) 








Seashore 0.00 0.00 0.00 0.00) 000) O00) 000) 0(0) | ) 0(0) 000) 
Inland 0.00 0.00 0.00 0.00 010) O00) 000) O(O) | 000) 0(0) | 0(0) 


Sea Water Immersion 2.32) 3.44) 6.55) 10.02) 64(8) y 175 193 | 270(p) | 206 | 273(p) 
Stainless Steel Sea Water Mean Tide 0.26) 0.40) 0.67) 1.34) 8(11) f 37 56 26 | 52 | 60 
No. 321 Lake Water Immersion 0.00) 0.00! 0.00) 0.01) 000) 0(0) 0(0) 0(0) 00) | = 00) 0(0) 
17-10 & Ti 
Seashore 0.01) 0.00) 0.01) 0.01) 000) 010) 010) | 00) 0(0) | 00) | = 0(0) 
Inland 0.00) 0.00! 0.00, 0.00) 0(0) 0(0) oo) | OO) | OO) | = 0(0) 0(0) 


Sta Wa‘er Immersion 2. 3.40) 4.88; 9.07) 3(16) | 10(16) | 13 | 00) | 9 32 1 22 
Phosphor Sea Water Mean Tide 08 1.70! 2.90) 4.63) 1(1) 0(0) 0(0) 00) | 8 0(0) 0(0) 
Bronz Lake Water Immersion a 0.56 70) 0.10) 000) 0(0) 0(0) 0(9) | O00) | 000) 0(0) 
Grade A 
Seashore 43 0.63 § a 0(0) 0(0) 00) | = 3¢ 
3 


| 2) | 00) 0(0) 0(0) 
Inland sig .23 35 56} 0(0) 0(0) 0(0) 1) 


3( 000) 000) | OO) 

Mild Structural Sea Water Immersion J 3.55} 31.39) 50.88) 41 66 | 66 i } 11: 

Steel Sea Water Mean Tide SE J 25.38 Bee 18(8) (7 27(19) | 40 d 2: 5E 65 
Pickled) Lake Water Immersion 5.22] 23. 3 3.68} 20 ‘ 45 58 Pag } 6 71 


Low Alloy 
Structural Steel Seashore 3.43 ; 5.94 9, 5 ‘ f } 94 2 AEH 
Cu, Ni, Mn, Mo) Inland 2.06 3. 5.08 86 i ‘ ( | 8 ( 16 AEH 


* Pit a »pths referred to the original surface of the metal e ithe r is measurement ese an uncorroded aie or i ostiiialies using the ettteal and final average measure aa thie hae ss of the 
sample. Average of 20 deepest pits represents average of the 5 deepest pits measured on each side of duplicate specimens. (Area, 2.25 sq ft on immersed specimens, and 0.89 sq ft on atmospheric 
specimens); values in parentheses indicate total number averaged when less than 20 measurable pits. Perforation of plate by deepest pit is indicated by (p). 

t Percent changes in tensile strength calculated on basis of 14 inch thick metal (average of 4 tests for immersed specimens, average of 3 tests on atmospheric specimens). 

Corrosion types are described in the Appendix of Part 1. Those referred to here are: A--Uniform Attack, E—Localized Attack (Uniform), H—Concentration Cell, J—Marine Fouling 
Contact, K—No Visible Attack, Q—Pitting Attack (Random), R—Localized Attack (Random). 
** Intensity and distribution of pitting prevented satisfactory tensile testing. 
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A Type 410 (straight chromium) 


Figure 6—Corrosion pattern for straight-chromium-alloyed and high nickel 
sea water in Panama 


alloyed stainless steels, eight years under tropical 
Canal Zone. 


siderable advantage exists for the cor- 
rosion-resistant metals in this medium. 

In sea water at mean tide, phosphor 
bronze exhibits the best corrosion resis- 
tance of the three metals considered, 
having no measurable pits and showing 
a weight loss of only 5 gm per sq dm in 
eight years. Stainless steel (18-8) was 
even better on the basis of weight loss 
alone, losing only 2 gm per sq dm. But 
pitting was considerable, and although 
no perforation occurred in eight years, 
the pits had progressed to 110 mils in 
depth. This was greater than the mild 
steel at mean tide, which was pitted to 
a maximum depth of 65 mils. The use 
of 18-8 stainless steel in the tidal range 
of the tropics should be limited to struc- 
tures that would not be harmed by per- 
foration, as such conditions are favorable 
for concentration and/or active-passive 
cell corrosion. 

Figure 4 compares mild steel, 18-8 
stainless steel, and phosphor bronze fol- 
lowing continuous immersion in tropi- 
cal sea water. The weight losses show the 
bronze and 18-8 stainless steel to be about 
equal in rate of corrosion while struc- 
tural steel loses about five times as much 
weight in eight years. When depth of 
pitting is considered, however, the 18-8 
stainless steel proves to be by far the 
most deeply penetrated, with phosphor 
bronze the least and mild steel interme- 
diate between the two. Thus, for use in 
tropical sea water at low velocity, stain- 
less steel containing 18 percent chro- 
mium and 8 percent nickel would not be 
satisfactory for any structure that would 
be damaged by deep and numerous pits. 
Other investigators®:!° have reported that 
in flowing sea water with velocities 
greater than five ft per sec little or no 
accelerated pitting of this stainless alloy 
takes place. 


Comparison of Stainless Steel Alloys 


Stainless steel containing 18 percent 
chromium and 8 percent nickel is the 
most widely used and best known of the 
stainless alloys. It reached this preemi- 
nence because of its corrosion resistance 
to many environments and its excellent 
mechanical and physical properties. Sev- 
eral other alloying elements have been 
added to the chromium-nickel austenitic 
steels to further increase their corrosion 
resistance under certain conditions. In 
sea water, 18-8 stainless steel is normally 
passive, but a borderline condition, such 
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Figure 7—Improvement of corrosion resistance to tropical sea water with 
molybdenum-alloyed stainless steel, eight years under tropical sea water in 


Panama Canal Zone. 
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Figure 8—Comparative corrosion of various stainless steel alloys exposed to tropical sea water at half-tide 
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Ni, and 0.5 percent Ti). 
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Figure 9—Comparative effect of three stainless steel alloys on the galvanic corrosion of ordinary structural 
steel in tropical waters. 


as in the presence of heavy marine foul- 
ing attachment, could change it to the 
active state and trigger an accelerated 
corrosion attack. Molybdenum has been 
alloyed in these steels to increase the 
passivity range and thus enhance resist- 
ance to several media, including sea 
water. In some alloys small percentages 
of titanium or columbium are added to 
inhibit intergranular corrosion. Both mo- 


lybdenum and titanium bearing austen- 
itic stainless steel were included in the 
underwater exposures. The martensitic 
straight chromium steels are hardenable 
and less costly than the austenitic types. 
Martensitic 410 type with 13 percent 
chromium, was also studied in the sub- 
merged environments. 

In Gatun Lake fresh water the three 
austenitic alloys, 302, 316, and 321, ap- 
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TABLE 3——Galvanic Corrosion in Tropical Waters of Couples Containing Relatively Large Areas of 


Couple 


Stainless Steel Plate 9x 9x % inch 
to Metal Strip 2x 9x % inch 


13 Cr (A) to (I) Mild Steel. 


13 Cr (A) 


to (G) Phosphor Bro onze. 


18-8 (D) to (I) Mild Steel 


18-8 (D) to (G) Phosphor Bronze..... 


18-8 (D) to (D) 18-8 


18-13 & Mo (E) to (I) Mild Steel 


18-13 & Mo (E) to (G) Phosphor Bronze. 


* Each value represents the av 
t Years exposed. 
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erage of duplicate samples. 


TABLE 4—Galvanic Corrosion in Tropical Waters of Couples 


Couple 


Stainless Steel Strip 2x 9x % inch 
to Metal Plate 9x 9x % Inch 


18-8 (D) to (1) Mild Steel 


18-13 & Mo (E) to (1) Mild Steel 


18-13 & Mo (E) to (G) Phosphor Bronze 


18-13 & Mo (E) to (H) Naval Brass 


* Each value represents the 
t+ Years exposed. 


peared to be about equal and exhibited 
complete corrosion resistance during eight 
years’ exposure. Martensitic Type 410 
was almost as good, showing no meas- 
urable pits and a weight loss of only 1 
gm per sq dm after eight years. 

Results from continuous immersion in 
sea water are presented in the corrosion- 
time curves of Figure 5. The weight-loss 
curves in Figure 5a show that straight 
chromium, Type 410, lost 2.5 times as 
much weight as the standard 18-8. This 
accelerated loss was not due to an in- 
creased number of pits, but rather to the 
enlargement of a relatively small number 
of areas previously pitted, as shown in 
Figure 6. On the other hand, differences 
in weight loss in the three austenitic 
alloys are related directly to the fre- 
quency of pitting of the plates. In this 
respect there was no significant improve- 
ment with the slightly increased nickel 
content and titanium addition of Type 
321. However, considerable improvement 
over 18-8 was shown by Type 316, which 
contains a higher nickel content (13 per- 
cent) and 2 percent molybdenum. Mo- 
lybdenum stainless steel has been recom- 
mended by many authorities?»1112 for 
its corrosion resistance in low-velocity 
sea water. In these tropical sea water 
tests, too, there was a definite improve- 
ment in corrosion resistance with this 
alloy. This may be seen in Figures 5a 
and 7a and 7b. 

Upon consideration of the depth of 
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average of duplicate samples. 


pitting shown in Figure 5b, the advantage 
for the molybdenum alloy disappears. In 
the case of each stainless steel studied in 
sea water, perforation of '4-inch plates 
had occurred by the end of the first year 
of immersion. Average pit depth, al- 
though slightly favoring the molybde- 
num alloy after one and two years’ 
immersion, revealed no significant ad- 
vantage for this metal after four and 
eight years’ exposure. Surprisingly, the 
321 alloy containing titanium showed 
the highest average pitting penetration of 
any of the four stainless steels for all 
periods of exposure beyond the first year. 


Half-tide exposure has been shown 
earlier to be much less severe to 18-8 
stainless steel than continuous immersion. 
The other alloys were also considerably 
more resistant to half-tide than to con- 
tinuous immersion. On the average, only 
about % to ¥ as much loss occurred 
at half-tide as for the immersed samples. 
Figure 8 shows the progression of corro- 
sion damage with time for the various 
stainless alloys exposed to mean tide. 
Weight-loss order correlated well with 
the immersed specimens, Type 410 ex- 
hibiting the greatest loss and the molyb- 
denum alloy, Type 316, showing the least. 


None of the stainless steels were per- 
forated at mean tide, even after eight 
years exposure. In this environment the 
18-8 alloy and the similar metal with 1/2 
percent titanium performed approxi- 
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Gatun Lake Fresh Water 


"Strip 
2 
| 0.0 
0.0 
0.0 


0.0 


mately equally, showing roughly ¥ the 
penetration that these metals experienced 
during complete immersion. The straight 
chromium alloy 410 pitted very rapidly 
the first year, but then penetration 
stopped, and additional corrosion was 
the result of new pit development and 
the extension of area of the established 
pits. Alloy 316, with its higher nickel 
content and 2 percent molybdenum, was 
definitely superior at mean tide. Pitting 
penetration was much less than for the 
other metals after eight years. The aver- 
age of the twenty deepest pits was only 
17 mils and the deepest single penetra- 
tion 31 mils. 


Galvanic Corrosion of Stainless Steels 
Prediction of the galvanic action of the 
high-chromium alloys is more difficult 
than with most other metals because of 
their dual potential in the galvanic series. 
Their position depends on the passivity 
or activity of the metal surface, which 
is controlled by the nature of the contact 
medium. In the active condition stainless 
steel exhibits nobility approximating that 
of ordinary steel, but in the passive state 
it is one of the most noble of the struc- 
tural metals. The problem is further 
complicated by the rapid polarization in 
some solutions of bimetallic cells con- 
taining stainless steel. LaQue?® points 
out that open circuit potentials are un- 
reliable for prediction of the magnitude 
of galvanic corrosion of these metals 
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A—Stainless steel 
strip D—weight 
loss, 9.0 gm/dm? 


B—Phosphor bronze 
strip G—weight loss, 
7.6 gm/dm? 
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steel strip |—weight 
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Figure 10—Protection of stainless steel (18-8) plates when coupled to relatively small strips of (A) stainless steel, (B) phosphor bronze, and (C) mild steel in 


under service conditions. He found that 
because of polarization in flowing sea 
water the effective nobility of 18-8 stain- 
less steel was reduced to such an extent 
that it caused only 44 the galvanic cor- 
rosion of carbon steel anodes as was 
caused by the normally less noble copper. 

In the sea water near the Canal Zone 
and in the fresh water of Gatun Lake 
there were no water current factors to 
be considered, as the maximum rate of 
flow was less than 2 ft per sec. The 
coupled and immersed samples, as shown 
in Figure 1, had a strip-to-plate area 
ratio of 1:6.5. Complete results for all 


couple combinations studied employing 
stainless steel as either the strip or plate 
are given in Tables 3 and 4. 

In sea water the galvanic effect on the 
carbon steel strip from the stainless plate 


was considerable, as can be seen in 
Figure 9. Stainless steel 18-8 caused five 
times as much weight loss in eight years 
as a comparable carbon steel strip cou- 
pled to a plate of the same metal. In 
fresh water the effect was naturally much 
less, but was still apparent with the 18-8 
producing twice the weight loss. The gal- 
vanic corrosion of carbon steel when cou- 
pled with the three different stainless 
alloys was not appreciably different in 
magnitude but was interesting because of 
the order of effect. After eight years the 
straight chromium, Type 410, seemed to 
have the most noble potential. The Type 
316 alloy, with molybdenum, was seem- 
ingly the least cathodic, and standard 
18-8 fell somewhere in between. The 
fresh water results indicated the same 
nobility order as the sea water tests. This 
order was exactly opposite from that pre- 
dicted by open circuit potential measure- 
ments. 

A naval brass plate-carbon steel strip 
combination showed even higher strip 
weight losses, averaging 350 gm per sq 
dm for eight years in sea water, even 
though brass is definitely a less noble 
metal than any of the passive stainless 
steels. These results indicate that a 
greater degree of polarization has oc- 
curred in the couples of stainless steel 
and carbon steel than for the brass- 
carbon steel combination. The reverse 


tropical sea water for eight years. 


order of the stainless steels also probably 
can be attributed to different degrees of 
polarization. 

Even under the unfavorable conditions 
of low-velocity sea water and profuse 
development of marine fouling, com- 
plete protection from corrosion in tropi- 
cal sea water was afforded all three of 
the stainless alloys by coupling to the 
carbon steel strip at the 1:6.5 anode- 
cathode area ratio, Figure 10. Recom- 
mendation for safe protection of stainless 
steel with carbon steel has been given as 
1:1 in the literature.1? Phosphor bronze 
strips at the 1:6.5 ratio also were pro- 
tective to stainless steel plates, but the 
amount of protection varied from none 
to almost complete, depending on the 
stainless alloy used. Type 410 had about 
the same potential as bronze and cor- 
roded at its normal rate. As shown in 
Table 3, the D alloy was slightly pro- 
tected while the Type 316 was almost 
completely protected in this bimetallic 
combination. During the first year of ex- 
posure the bronze portion of the 316 
couple had lost 35 times its normal un- 
coupled weight loss. 


Atmospheric Corrosion Results 


Relative Intensity of Inland and 
Sea Coast Locations 


The Caribbean shore test site on the 
Washington Hotel roof, with its offshore 
breakwater and prevailing sea wind, is 
about 1.6 times as corrosive to carbon 
steel as the inland site located at Mira- 
flores.2, Ambler and Bain‘ in their ex- 
cellent study of corrosion in the tropics 
point out the extreme importance of air- 
borne salinity and proximity to ocean 
surf in atmospheric corrosion. In the 
Canal Zone studies of stainless steels, the 
atmospheric exposures included three of 
the alloys tested underwater, (Types 410, 
316, and 321). Also exposed to the at- 
mosphere was Type 301, which is very 
similar to the underwater Type 302 and 
Type 430, 17 percent chromium. 

Both the tropical inland and marine 
atmospheres were practically noncorro- 
sive to all the stainless steels; the highest 
losses were recorded for Type 410 at the 


marine site. They amounted to only 0.08 
gm per sq dm for the first year of ex- 
posure and did not exceed 0.11 gm per 
sq dm during eight years’ exposure. 
Binder! reports results on this same 
alloy for 540 days in a marine atmos- 
phere at Wilmington, North Carolina 
and 600 days in an industrial atmosphere 
at Niagara Falls; New York. His results 
show 0.11 gm per sq dm loss for the 
marine site and 0.25 gm per sq dm for 
the industrial atmosphere. The three 
austenitic stainless steels in the Canal 
Zone atmospheres suffered no significant 
corrosion damage for eight years, at 
either inland or seacoast sites. There were 
no measurable pits on any surface, and 
the maximum weight loss obtained was 
only 0.01 gm per sq dm. 

The tropical atmosphere thus appears 
to be no more corrosive to stainless 
steels than temperate climates, and the 
difference between seacoast and inland 
effects in the Canal Zone is minor, with 
the marine site a slightly more corrosive 
environment. 


Comparison of Stainless Steels with 
Low-Alloy Structural Steel and 
Phosphor Bronze 


The excellent atmospheric corrosion 
resistance of all the stainless steels can 
be seen in the bar graph presentation of 
four-year and eight-year results in Figure 
11. As with the underwater results, com- 
parisons have been made with phosphor 
bronze and a structural steel. In this case 
low-alloy structural steel was substituted 
for plain carbon steel, the low-alloy 
metal being a much more logical choice 
for atmospheric exposure. In the tropical 
atmosphere the high-chromium and chro- 
mium-nickel stainless steels were, as ex- 
pected, much better in all respects than 
the low-alloy steel. Comparison with 
phosphor bronze was also favorable to 
stainless. The tensile strength losses of 
stainless 316 and 321 are only one per- 
cent and not considered significant at 
this time. Pitting of the two metal types 
was zero, except for one panel of Type 
410 for which a depth of five mils was 
recorded. Weight losses of all stainless 
steels were zero or practically zero, while 
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the loss in weight of phosphor bronze, al- 
though small, increased steadily and re- 
vealed that some measurable corrosion 
was proceeding on this metal. 


Any of the stainless alloys included 
here should give very satisfactory atmos- 
pheric corrosion resistance in the tropics, 
but for the use of stainless steels in any 
tropical environment precautions should 
be taken to eliminate the existence of 
cracks, holes, or crevices, where the col- 
lection of passivity-destroying agents can 
bring about accelerated pitting attack. 


Conclusions 

1. Eight-year immersion studies of var- 
ious stainless steel alloys in the tropical 
waters of the Panama Canal Zone dis- 
close that the stainless steels are severely 
pitted during sea water immersion, and 
the mean tide location produced only 
one-fourth to one-tenth the total damage; 
the metals are practically unattacked 
during immersion in fresh water. 


2. Comparison of sea water attack on 
18-8 stainless steel reveals that twice as 
much corrosion occurred in tropical sea 
water as was found at Port Hueneme, 
California, and two and a half times as 
much as at Kure Beach, North Carolina. 
The greater pitting attack in tropical sea 
water is probably caused by the very 
heavy marine fouling attachment which 
interrupts the passivity of stainless steels 
and initiates active-passive cell corrosion. 


Deep elongated gravity-guided pit- 
ting attack occurred on all the high- 
chromium-nickel austenitic alloys; the 
martensitic stainless without nickel cor- 
roded in an entirely different manner. 
This leads to the supposition that nickel 
may have a role in the formation of 
heavy acidic chlorides that cause the 
elongated attack. 


t. Because of its vulnerability to pit- 
ting attack in water, 18-8 stainless 
steel is inferior to phosphor bronze for 
this service; pitting depth was also 
greater than that found for ordinary 
carbon steel. Stainless is not recom- 
mended for sea water service where per- 
foration of structure is a consideration. 


sea 


5. Stainless steels give excellent results 
in tropical fresh water, where they were 
found to be much superior to ordinary 
steels and equal to phosphor bronze, 
which is practically noncorrosive in this 
environment. 


6. Of the four stainless steels exposed 
underwater, the alloy containing 18 per- 
cent chromium, 13 percent nickel, and 
2 percent molybdenum was superior in 
the sea water studies, but even this 
superior stainless steel was perforated in 
just one year in tropical sea water. The 
frequency of pitting was reduced by the 
alloying constituents, but when pits did 
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Figure 11—Comparison of corrosion damage of stainless steel, 
in tropical environments. 
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7. Galvanically, stainless steel plates 
coupled to carbon steel strips at a 6.5:1 
area ratio caused a considerable increase 
over the normal corrosion of the carbon 
steel strips in tropical waters. In sea 
water the increase amounted to five times 
as much weight loss and in fresh water 
approximately twice as much. The ef- 
fective difference of the three different 
stainless steels on the plain carbon steel 
was slight. 

8. Complete protection of all the 
stainless steel plates was afforded by the 
coupling of carbon steel strips at a 6.5:1 
plate-to-strip ratio. A phosphor bronze 
strip for this same ratio accelerated the 
corrosion of the stainless alloyed with 13 
percent chromium, protected slightly the 
18 percent chromium and 8 percent 
nickel stainless, and gave complete pro- 
tection to the 18 percent chromium, 13 
percent nickel, and 2 percent molybde- 
num stainless steel. 

9. For the stated conditions the tropi- 
cal atmospheres were practically non- 
corrosive to stainless steels, while bronze 
suffered some weight loss at both the 
inland and seacoast exposure stations; 
structural low-alloy steel was both pitted 
and thickness in both 
atmospheric environments. 


reduced in these 
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Effect of Mineral Impurities. in Water 
On the Corrosion of Aluminum and Steel* 


By LEONARD C. ROWE and MONTE S. WALKER 


Introduction 


ATER IS often used without re- 

gard to mineral impurities and 
their possible effect on corrosion. A geo- 
logical survey of public water supplies in 
the United States showed that 81 percent 
of the people are supplied by surface 
water which is more variable in com- 
position than ground water although 
containing less mineral matter.t Many 
impurities can be removed at water treat- 
ment plants, but 39 percent of the cities 
use no treatment or only chlorination. 
It is recognized that the chloride ion 
promotes corrosion, and the concentra- 
tion of this ion in finished (tap) waters 
covered by the survey emphasizes the 
overall difference in waters. 


Figure 1 shows that the chloride con- 
tent ranges from zero to above 500 parts 
per million. Although most waters have 
less than 50 parts per million of chloride, 
10 percent of the population uses water 
at a higher concentration. It is important 
to understand the effect of mineral im- 
purities on corrosion. 


The electrical conductance method 
was selected to study this problem be- 
cause of its simplicity and the rapidity 
with which results can be obtained. This 
method has been discussed in detail by 
other authors and appears to be well 
suited to this purpose.?:.4 Although pits 
which perforate the metal prevent an 
absolute corrosion rate measurement, it 
has been observed that loss of metal by 
pitting is reflected in the measurement, 
and the method is useful for comparative 
studies of this nature. Visual observations 
are reported in the appropriate section 
to augment conclusions drawn from cor- 
rosion measurements. 


It was necessary to determine the limi- 
tations of the method, and its effectiveness 
in reflecting variations in corrosion. Steel 
was selected for this purpose because 
a small amount of corrosion is readily 
reflected by a change in metal conduc- 
tivity. Both steel and aluminum were 
used in studying the effect of mineral 
impurities on corrosion, but the major 
emphasis has been placed on aluminum. 


Experimental Procedures 
Specimen Preparation 


Typical specimens were prepared by 
cutting strips from SAE 1020 carbon steel 
or 1145H aluminum shim stock with 
metal cutter. The final dimensions of a 
steel specimen were 0.001 x 0.125 x 14 
inches. The aluminum specimen was 
0.003 inch thick, but it retained the other 


dimensions. The specimen was cut down, 
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Abstract 


A laboratory study was made to determine 
the effect in water of single or mixed im- 
purities on the corrosion of aluminum or 
steel. This study utilized the conductance 
technique for determining variations in 
corrosion rate. This method is based upon 
the concept that a change in the electrical 
conductivity of a thin metal strip reflects 
the corrosion valeh has occurred. 

The effect of several common mineral 
contituents in water was determined. These 
include such impurities as chloride, sulfate, 
bicarbonate, carbonate, calcium, magne- 
sium, and silicate. Of this group, it was 
found that chloride and sulfate are most 
detrimental to steel. No single impurity 
affects the corrosion of aluminum to the 
degree that mixed = -——- do. A solu- 
tion containing soluble salts of copper, 
chloride, and bicarbonate has an accelerat- 
ing effect on the corrosion rate of alumi- 
num. Pitting depends upon impurity con- 
centration and temperature. 


4.6.6, 6.4.2, 6.2.3 


the middle at both ends to provide four 
electrical leads, two inches long. It was 
necessary to coat with wax a one-half 
inch portion of each steel lead at the 
juncture of the lead and main strip to 
prevent »®xcessive corrosion at this point. 


Each specimen was degreased in ace- 
tone and mounted in an epoxy holder, 
having four holes to separate leads. The 
leads were firmly attached to threaded 
posts with washers and nuts. The speci- 
men strip was formed in the shape of a 
loop which fitted the test container with- 
out touching the sides. 


Steel specimens were chemically 
cleaned for 30 seconds in a 10 percent 
sulfuric acid solution at 66 C. This was 
followed by rinsing in distilled water, a 
brief immersion in a 0.5 percent sodium 
phosphate solution at 82 C, repeated 
rinsing in distilled water, and a final rinse 
in ethyl alcohol. It was essential that the 
holder as well as the specimen be im- 
mersed in distilled water to remove 
residues of the cleaner. 


Aluminum specimens were chemically 
cleaned for 30 seconds at 66 C in a 
solution containing 25 grams per liter 
sodium phosphate, 15 grams per liter 
sodium silicate, and 7 grams per liter 
sodium carbonate. The chemical clean- 
ing was followed by repeating rinsing 
in distilled water and finally in ethyl 
alcohol. 


The specimen holder was made to fit 
firmly in a 200-ml pyrex test tube. Before 
cleaning specimens, the test tube was 
filled with 180 ml of solution and trans- 
ferred to a constant temperature water 
bath, capable of maintaining a constant 
temperature to -+ 0.01 C. Nine tests 
could be run at one time. 

The cleaned specimens were trans- 
ferred to the test container in the bath 
with a minimum loss of time. An aer- 
ator, made from 3-mm glass tubing, was 
inserted through a hole in each holder. 
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Electrical leads to the potentiometer were 
attached firmly to the four posts on each 
holder. The solutions were aerated at a 
rate of 10 cc per minute which permited 
a modest agitation of the solution. The 
initial potential measurement was taken 
after an elapsed time of one-half hour. 
All determinations were run in triplicate 
and the results averaged. 


Conductance Measurement 


The electrical conductance of a speci- 
men was measured at the beginning of 
the experiment and at periodic intervals 
thereafter. The measurement consisted of 
passing a known amount of current 
through the metal and measuring the 
voltage drop across the specimen. 

The measuring circuit was similar to 
that described by Dravnieks and Cataldi.? 
A direct current of 0.3-0.5 ampere from 
a 6-volt acid storage battery was passed 
through the specimens and a manganin 
reference resistor of 0.5 ohm which was 
immersed in silicone oil and contained 





EINISHED WATER 


m 
Qn 
° 
S 


S$ 
S$ 


Tp 
La} 
SEE 


CHLORIDE CONTENT, 





7.7 * La ae ee 


POPULATION, per cent 


Figure 1—The difference in the chloride content of 
waters used by a representative population of the 
United States. 
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TABLE i—Comparison Between the Actual Weight Loss of Steel 
and That Calculated from Conductance Measurements 


. 


WEIGHT LOSS, MILLIGRAMS 


SOLUTION Actual 


Distilled Water 1. 


*Sodium Chloride 1. 
(one percent) 2..... 

Sess 

Average 

*Sodium Chloride 1...... 
(one percent) 2. 





Average..... 


Calculated Difference 


Mineral Impurity* 


| 
| 
| 
| 
| 
| 


Silicate... 
Bicarbonate 
Carbonate 


Calcium-Magnesium (1:3)... 
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TABLE 2—Effect of Various Mineral Impurities on the Corrosion 


of Steel at 26 C 





Percent Corrosion In 24 Hours At 
Various Concentrations Of Impurity 





} 
| 
| 0 | 50 ppm | 100 ppm | 300 ppm 


pe | 
| 
| 


* All impurities were added as sodium salts with the exception of calcium 
and magnesium which were added as sulfates. 


* Triplicate tests were terminated at different time intervals. 


in the same bath. The potential was mea- 
sured with a potentiometer having a 
sensitivity of 0.01 mv. A selector switch 
was used which permited the measure- 
ment of potential across any specimen 
or the reference resistor. 

The current was adjusted with a rheo- 
stat to a value which resulted in a 
convenient potential drop across the spec- 
imen. The potentiometer was switched to 
the reference resistor and the potential 
measured. This potential was directly 
proportional to the current through the 
specimen and hence directly proportional 
to the conductance. Potential measure- 
ments were taken at periodic time inter- 
vals, using the same initial potential drop 
across each specimen as the standard. 
The change in potential across the ref- 
erence resistor represented the change in 
conductance across the specimen. The 
conductance was directly proportional 
to the cross-sectional area of the specimen 
since the length was constant. Any rela- 
tive change in width was small compared 
to that in thickness because of the use 
of thin metal strips. Hence, a decrease 
in area may be assumed to be due to a 
decrease in thickness. 

For purposes of calculation, the ap- 
propriate potential drop across the ref- 
erence resistor can be substituted for that 
of conductance. Since comparative dif- 
ferences in corrosion are of interest in 
this study rather than absolute corrosion 
rates, the percent corrosion was used and 
was calculated as follows: 


3 (naa Ao 
Percent Corrosion ° Ao 2) 5 100 


where Co equals the initial conductance 
and CG the measured conductance at any 
time. 


Experimental Results 


Method Reliability 

The reproducibility of a given potent- 
ial with time, using the described tech- 
nique, was determined by immersing 
steel specimens in n-heptane or silicone 
oil at 26 C. The potential reading was 
reproducible after 13 days to within 0.01 
mv in the n-heptane and 0.03 mv in the 
silicone oil. No greater deviation was 
observed during this period. 

An additional check on the validity 
of results obtained by conductance meas- 
urements was made by comparing cal- 
culated weight loss with actual weight 
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loss. The results are shown in Table 1. 
Two different test solutions were used, 
one being highly conductive and the 
other relatively non-conductive. These 
results substantiate the reliability of the 
method although many pin hole pits 
were developed in the salt solution. The 
maximum variation between the calcu- 
lated and actual weight loss, as shown in 
the table, is 0.6 mg and the minimum 
0.1 mg, both based on results from the 
conductive solution but at different time 
intervals. The maximum variation for 
any single reading is 0.8 mg. 

The effect of solution conductivity on 
specimen conductance measurements was 
determined in another manner. The nor- 
mal procedure was followed, and strips 
were immersed in a 1 percent sodium 
chloride solution. After the measurement 
of each potential in this solution, the strips 
were transferred to a non-conductive 
benzol solution, held at the same tem- 
perature, and the potential measured. 
The conductance measurements obtained 
from the two solutions were used to cal- 
culate weight loss. The difference be- 
tween the two methods of measurement 
was never greater than 0.2 mg which is 
within the experimental error of the 
method. 


Steel 


It was necessary to be somewhat ar- 
bitrary as to the amount and type of im- 
purity to be investigated. Major constitu- 
ents in water were chosen and used in 
concentrations which might be expected 
to be detrimental. The effects of many of 
these impurities are summarized in Table 
2. Each value in the table represents 
the average of three determinations. The 
effects of chloride and sulfate ions are 
similar. Mixtures of the two ions produce 
about the same amount of corrosion as 
either ion alone at equivalent concentra- 
tions. Chloride ions have an immediate 
effect on corrosion at a concentration as 
low as 3 ppm with a continued effect up 
to 100 ppm and a leveling off above this 
point. Although the effect of the sulfate 
ion was not determined at a concentra- 
tion below 50 ppm, it is assumed that it 
would react in a similar manner. Corro- 
sion rate curves are uniform and are es- 
sentially straight lines through 48 hours. 
It is difficult to extend the time beyond 
48 hours because of the rapid corrosion 
rate in the salt solutions. 

Silicates inhibit corrosion as would be 


expected. Bicarbonates and carbonates 
are very similar in that they produce an 
increase in corrosion until a concentra- 
tion of 300 ppm is reached. At this point 
the corrosion rate in the carbonate solu- 
tion drops to practically zero. This is 
probably due to pH since there is a more 
rapid rise in pH in the carbonate solu- 
tions. Calcium and magnesium ions, 
added as sulfates, have no greater effect 
on corrosion than an equivalent amount 
of sulfate ion added as the sodium salt. 
Thus, the hardness ions do not appear to 
contribute to any increase in corrosion 
rate. 

Based on these results, it can be con- 
cluded that chloride, sulfate, bicarbonate, 
and carbonate are the ions which pro- 
mote most effectively the corrosion of 
steel at 26 C. Different results may be 
obtained with mixed ions in solution or 
with a longer period of exposure. 

Although there was no specific intent 
to study inhibitors, the effect of chloride 
or sulfate ions on borax inhibition was 
included in this investigation. Table 3 
lists the results that were obtained. They 
show that the borax concentration needed 
to provide protection is dependent on the 
amount of chloride or sulfate ion in solu- 
tion. In a general sense the contribution 
by either ion is about the same although 
the chloride ion appears to be somewhat 
more critical at higher concentrations 
and the sulfate ion at lower concentra- 
tions. The National Chemical Laboratory 
of England reported that the benzoate 
inhibitor is equally susceptible to chloride 
and sulfate ions.> Past experience has in- 
dicated that borax and benzoate are 
somewhat similar in this respect, and 
these observations are tentatively sup- 
ported by the results from the two lab- 
oratories. It was also reported that sim- 
ilar corrosion rates were obtained in 
chloride and sulfate solutions without in- 
hibition. This agrees with the results 
shown in Table 2. 


Aluminum 


The corrosion rate of aluminum was 
low in aerated distilled water at 26 C. 
There was no substantial increase in cor- 
rosion rate when either chloride, sulfate, 
bicarbonate, or calcium was added at 
concentrations as high as 300 ppm, or 
copper up to 2 ppm. The addition of a 
combination of any two of these ions did 
not produce a substantial increase in cor- 
rosion rate. The combination of chloride, 
bicarbonate, and copper ions in the pres- 
ence of air produced a significant increase 
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TABLE 3—Effect of Chloride or Sulfate lons on the Borax iIn- 
hibition of Steel at 26 C 


TABLE 4—Effect of Temperature on the Corrosion of Aluminum 
at Various Bicarbonate Concentrations.” 


| ° 
| Percent Corrosion In 24 Hours At 
| Various Concentrations Of Borax 


Percent Corrosion In 72 Hours At 


Bicarbonate Concen- Various Temperatures 


- trations, Parts Per |——— ~j - 


0.25% | 0.5% Million 


Chloride 50.. 
100 
ouu... 
500 
1000 


Sulfate 50 
100 

300 

500 

1000 


formation and growth of the oxide film. 
The data obtained at various time inter- 
vals showed a logarithmic film growth 
which varied with time and bicarbonate 
concentration. At 48 hours the growth 
rate was logarithmic above 100 ppm, at 
72 hours above 50 ppm, and at 96 hours 
above 25 ppm. 

The effect of the bicarbonate ion at 
two different temperatures can be sum- 
marized in this respect. Pitting occurs at 
26 C in the presence of chloride, bicar- 
bonate, and copper ions. The size of the 
pit decreases and the pit density increases 
with an increase in bicarbonate concen- 
tration. At 71 C, pitting occurs only at 
zero bicarbonate, inhibition occcurs at 5 
ppm, and uniform film formation occurs 
above 25 ppm. 

To determine the effect of temperature 
on these reactions, three solutions were 
used at temperatures of 41, 56, and 64 C. 
All solutions contained 300 ppm chloride 
and 2 ppm copper. The bicarbonate con- 
centration was zero in one solution, 5 and 
300 ppm in the other two respectively. 
These are the concentrations at which 
the differences in corrosion were greatest. 
The results of these tests are shown in 
Table 4. There is a steady increase in 
corrosion with temperature at zero bi- 
carbonate. Large pits are formed at 56 C 
and above. At 5 ppm bicarbonate, the 
corrosion reaches a maximum at 41 C 
and decreases above this temperature. 
Pitting occurs only at 56 C. The degree 
of corrosion is about the same at 300 
ppm bicarbonate for all temperatures, 
but many very small pits are formed at 
56 C and below but none above this tem- 
perature. It is concluded that the change 
in effect occurred in a temperature range 
in the vicinity of 50 C. The change was 
gradual, and competing reactions prob- 
ably occurred in this range. 

The addition of calcium as the chloride 
to solutions containing bicarbonate, chlo- 
ride, and copper ions produced no effect 
at any temperature until 300 ppm cal- 
cium was added. At this point a precip- 
itate formed which reduced the _ bicar- 
bonate to the range where inhibition 
occurred, The of bicarbonate was 
verified by acid titration. A similar effect 
could have been obtained by adding 5 


loss 


5D 
ppm bicarbonate initially as in the other 
experiments. 


Discussion 
Porter and Hadden, Davies and others 
have discussed a proposed mechanism 
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*No pitting. 


for the pitting corrosion of aluminum.® 78 
Copper or other cations which have a 
low hydrogen overvoltage are considered 
necessary for pit initiation but not for 
growth. It has been qualitatively deter- 
mined in this laboratory that copper did 
deposit on the metal surface, thus satis- 
fying the requirements for pit initiation. 
During pit initiation, hydrogen evolution 
is predominant from copper sites. Event- 
ually, the cathodic reaction becomes the 
reduction of oxygen, indicating the need 
for dissolved oxygen. The peptizing ac- 
tion of the chloride ion is presumed by 
Aziz to prevent effective film formation.® 
The chloride ion, because of its size and 
mobility, can diffuse through weak points 
in the oxide film. Thus, the conditions 
for pit initiation and initial growth are 
satisfied by the presence of oxygen and 
chloride and copper ions. 

The auto-catalytic nature of a pit is 
dependent upon maintaining an acid 
solution in the pit. The acid prevents the 
formation of an insoluble aluminum hy- 
droxide and maintains the metal in an 
active condition. Hagyard and Santhia- 
pillai have proposed that the auto-cata- 
lytic process is not due to low pH of the 
pit solution but to the formation of alu- 
minum chloride which can activate pas- 
sive aluminum.!° Regardless of the exact 
nature of the solution in the pit, it tends 
to be acidic. There is a normal tendency 
for the alkali formed at the cathode to 
neutralize this acidity. It has been postu- 
lated that the bicarbonate neutralizes the 
cathodic alkali, preventing it from de- 
stroying the acid formed at the anode. It 
has been stated that calcium is necessary 
for the occurrence of nodular pitting, 
which is a specific type associated with 
the formation of isolated mounds of in- 
soluble aluminum hydroxide where pit- 
ting occurs under the mound. This study 
has not shown this need although a direct 
comparison cannot be made because of 
the variation in specimen thickness and 
exposure time. A type of pitting similar 
to nodular pitting has been observed in 
the presence of copper, chloride, and bi- 
carbonate ions, and oxygen at specific 
temperatures. The concentration of bi- 
carbonate ion and the temperature of the 
solution appear to have a major influence 
on these reactions. 

When pits are formed, hydrogen gas is 
evolved and mounds of corrosion prod- 
ucts are formed at a few isolated sites. 
Upon removal of the corrosion products, 
bright-metal rings are observed around 


| 41C | 56 CG | ec | 1c 
| 2.70 | 
| | 
| 


3.92 | 4.43 | 5.50 
* a few large pits— 


| 
4.33 | 
* | 
| 


| 1.00 | 0.9% 
* * 
| small pits | 

[Fad |} 3200 
many very small pits 


(1) 300 ppm chloride and 2 ppm copper ion in all solutions. 


the pits. The pits are large and few in 
number. This type of pitting appears to 
be due to the suggested reaction of alkali 
neutralization at cathodic sites. The num- 
ber of pit sites increases and the size of 
the pit decreases at high concentrations 
of bicarbonate, indicating that acidity at 
anodes is neutralized by the bicarbonate. 
The reaction is stifled by oxide-film for- 
mation. 

The growth and character of the oxide 
film is the determining factor in the re- 
action. The film growth rate increases 
with temperature and is stimulated by 
the bicarbonate ion. This ion is presumed 
to be essential for film formation since 
in its absence the pitting increases with 
temperature. This is due to the increased 
activity of the chloride ions which diffuse 
through weak spots in the film. The de- 
crease in dissolved oxygen at the higher 
temperatures may also be a factor in 
poor film repair. Very small concentra- 
tions of bicarbonate are sufficient to en- 
hance film growth and deter the action 
of chloride ion. There is evidence of pit 
initiation under these conditions, and it 
may be that a small concentration of bi- 
carbonate interrupts the acid formation 
at local anodes, permitting oxide-film 
growth. Any further addition of bicar- 
bonate at these temperatures merely 
stimulates the formation of an oxide film. 

The results show that two competing 
reactions occur. In one case, the oxide 
film repair is poor and the chloride ion 
can easily penetrate the film to stimulate 
corrosion at pit sites. In the other case, 
the bicarbonate ion enhances film repair 
which prevents further activity. Both ef- 
fects are temperature dependent, with 
the former being predominant at tem- 
peratures below approximately 50 C and 
the latter above this temperature. 
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Introduction 


N UNDERSTANDING of the rela- 
tively good high temperature re- 
sistance to oxidation displayed by the 
stainless steels can be gained by learning 
in detail about the oxidation behavior of 
the simpler systems: pure iron, iron-nickel 
alloys, iron-chromium alloys. In recent 
years many such studies have been con- 
ducted with the results that (1) the ox- 
idation of pure iron is about as well 
understood as any other chemical reac- 
tion, (2) the gross features of iron-nickel 
alloy oxidation are reasonably well char- 
acterized, (3) the oxidation of iron-chro- 
mium alloys is still relatively poorly 
understood. 

Point No. 3 is considerably more com- 
plex than the other cases. The purposes 
of this work are to present additional ex- 
perimental evidence of several types on 
the oxidation of a series of iron alloys 
containing chromium in amounts between 
0.2 and 10 wt. percent, to attempt to ac- 
count for some of the behavior observed, 
to define more precisely problems for 
future investigation, and to suggest pos- 
sible functions for chromium and nickel 
in the high temperature oxidation of 
stainless steels. 

Early studies of the oxidation of iron- 
chromium alloys showed the general 
decrease in rate with increasing chromi- 
um content,! the general morphology of 
the products,! intermittent accelerating 
rates (break away),! and concentration 
of the chromium near the alloy-scale’ in- 
terface,? possibly accompanied by deple- 
tion of chromium in the alloy surface.® 
Criteria for alloy protection were sug- 
gested: (1) a continuous, adherent layer 
near the metal with a low solubility for 
iron oxides and a low diffusivity for iron 
ions,? (2) the oxide must have good 
mechanical properties and the alloying 
element must diffuse rapidly enough in 
the alloy phase to maintain the protective 
scale composition,* (3) inclusions or local 
formation of scale containing a high pro- 
portion of the oxides of iron might con- 
tribute to scale rupture.® 

Even careful attention to surface prep- 
aration could not eliminate the accel- 
erated oxidation steps on 18-8 stainless 
steel.© The time for breakaway on AISI 
stainless steels 304, 410 and 430 increased 
as the oxygen pressure or temperature 
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Oxidation of Iron-Chromium Alloys at 750-1025C* 


By D. LAI, R. J. BORG,” M. J. BRABERS, J. D. MACKENZIE and C. E. BIRCHENALL' 


Abstract 


The rates of oxidation of iron alloys con- 
taining 0.2 to 10 percent chromium were 
measured at 750 to 1025 C. The nature 
of the corrosion products was investigated 
by metallography, x-ray diffraction and 
chemical analysis. At very low chromium 
concentrations there was a small increase 
in the oxidation rate compared with pure 
iron for short times, but for longer times 
the rate diminished. The oxidation rate at 
a given temperature diminished with in- 
creasing chromium concentration. The rates 
were not given by any simple rate law, 
presumably because the products contained 
many pores and cracks. The accelerations 
in rate during an isothermal measurement 
did not occur at reproducible times or 
average thicknesses, which suggested that 
scale fracture played an important role. A 
mechanism for scale embrittlement by 
chromium was proposed. The ways in 
which chromium might contribute to a re- 
duced rate of oxidation of iron were dis- 
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decreased and the chromium or nickel 
content of the steel increased. It was pro- 
posed that spinel formed first with rhom- 
bohedral oxide growing mainly after 
breakaway. Consequently spinel was con- 
sidered to be more protective.? 

For long term oxidation runs on com- 
mercial steels containing approximately 
12, 16 and 27 percent Cr and very little 
nickel, Caplan and Cohen® reported no 
wiistite derivatives for the temperature 
range 870 to 1100 C. Yearian, Randell and 
Longo? found no wiistite at or below 825 
C for 6 percent Cr, none below 1000 C 
for 14 percent Cr and none as high as 
1160 C for 17 and 26 percent Cr alloys. 
The chromite was always in the inner- 
most layer in contact with metal. Spinel 
farther out contained less chromium and 
was close to Fe,O, in composition. The 
total spinel layer was found to contain 
about the same ratio of Cr to Fe as the 
alloy. The small percentage of manga- 
nese in these steels seemed to play an 
important role in the reaction. MnCr,O, 
was a constituent of one type of scale. 
Silicon and perhaps molybdenum may 
also have had an effect out of proportion 
to their small concentrations. 

In order to rationalize this complex 
process, it seems necessary to start from 
the constituent equilibria and transport 
processes, with two guiding principles. 
Only oxygen is added and nothing is re- 
moved from the systems, so all metal 
atoms no longer in the alloy must be in 
the oxide. Each change must bring the 
system, both generally and locally, closer 
to equilibrium. Two questions, not 
clearly answered by earlier work, stand 
out: (1) Does cation separation by differ- 
ential reaction at the interfaces or diffu- 
sion in the scale layers lead to depletion 
of the alloying element in the metallic 
phase, (2) Is the breakaway phenomenon 
reproducible, suggesting some sort of 
process under diffusion control, or erratic, 
suggesting a more sitructure-sensitive 
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process like crack initiation or nucleation 
of a new phase? 


Experimental 
Rate of Oxidation Measurements 


Rectangular plates approximately 34 
x Y% x 1/16 inch were cut from iron 
(Puron), and iron-chromium alloys con- 
taining 0.20, 0.34, 2.00, 4.35, 4.71 and 
9.73 weight percent chromium were vac- 
uum melted from electrolytic iron and 
electrolytic chromium. The 4.71 and 
9.73 percent Cr alloys are often desig- 
nated hereafter as 5 and 10 percent for 
convenience. The rates of oxidation of 
higher chromium alloys, 15 to 25 per- 
cent Cr, proved to be too slow to measure 
satisfactorily in the authors’ apparatus, 
and the results of experiments with alloys 
of these compositions are not reported 
here. 

Polished and degreased specimens were 
held in a spring balance furnace,!° hy- 
drogen treated and oxidized for selected 
times at selected temperatures. Puron 
plates of the same size and shape were 
run for comparison. Because of edge and 
corner effects resulting from the shape, 
the pure iron rates do not agree exactly 
with earlier results. They are used here 
only as control runs and do not supplant 
the earlier results. 

The rates for representative runs are 
shown in Figures 1-7. The departures 
from parabolic behavior appeared to be 
more pronounced the higher the chro- 
mium content and the lower the tempera- 
ture. The oxidation rate, especially the 
initial rate, seemed to be very sensitive 
to pretreatment of the surface. The re- 
sults, even for identical preparation, were 
not very reproducible. For that reason no 
attempt has been made to show all of the 
many rate curves which were measured. 
Less than one quarter of the runs are 
shown in Figures 1-7. Some qualitative 
observations based on all measurements 
are given below. 

In Figures 1 to 4 rate curves for pure 
iron and 0.20, 2.00, 4.35 and 8.97 percent 
Cr alloys are compared at 850, 900, 950 
and 1000 C. The irregularity of many of 
the alloy curves and the crossing of many 
curves for different compositions are 
common. For the curves in Figures 5 to 7 
the experimental points were taken so 
close together that they are omitted from 
the plots. Figure 5 is a later series (than 
Figure 1) of measurements at 850 C for 
Fe and 0.20, 0.34, 4.71 and 9.73 percent 
Cr alloys. Rate curves for 0.20 percent Cr 
alloys at temperatures ranging from 800 
to 1025 C are shown in Figure 6. 

Most of the runs in this study were 
carried out directly on specimens ground 
through 600 silicon carbide paper and de- 
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Figure 1—Oxidation rate curves for Fe and 0.20, 2.00 and 4.35 wt. percent 


Cr alloys in oxygen at 850 C. 
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Figure 2—Oxidation rate curves for Fe and 0.20, 2.00, 4.35 and 8.97 wt. percent 
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Figure 3—Oxidation rate curves for Fe and 0.20, . 4.35 and 8.97 wt. percent 


Cr alloys in oxygen at 950 


greased. A treatment in hydrogen, puri- 
fied by passage through a Deoxo tube, 
preceded the oxidation run. In the case 
of pure iron such a treatment cleans 
the surface very effectively and leads to 
highly reproducible results. In the case 
of these dilute chromium alloys it is evi- 
dent that irregular curves are still ob- 
tained. From a comparison of the three 
runs at 950 C in Figure 7, where the time 
of heating in hydrogen at the oxidation 
temperature prior to oxidation is given 
on each curve, it appears that the longer 
the hydrogen treatment the faster the 
initial rate of oxidation and the slower 
the long term rate. 

The products of oxidation showed a 
great deal of porosity as well as some 
cracks and wrinkles. It is not justifiable 
to give the rate measurements for all 
such samples in detail. A few general ob- 
servations are summarized here. 

Cr additions of 0.2 and 0.34 percent 
result in reduction of the long term con- 
stants (weight gain divided by the square 
root of the time) by a factor of about 
3 + 1 with respect to pure iron. The re- 
producibility from sample to sample was 
much poorer than the overall precision in 
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Cr alloys in oxygen at 900 C. 
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Figure 4—Oxidation rate curves for Fe and 0.20, 2.00, 4.35 and 8.97 wt. 
percent Cr alloys in oxygen at 1000 C. 


measuring time, weight change and tem- 
perature (in the range 670 to 1025 C). 
Wiggles in the curve were more frequent 
and more pronounced at lower tempera- 
tures. Often the initial rate was faster 
than that for pure iron (see Figures 1-3). 

At 950 C, six 0.2 percent Cr samples 
scattered over rates differing by a factor 
close to three. Initially four, perhaps 
five, samples oxidized faster than pure 
iron, but by 100 minutes all had become 
slower than pure iron. With increasing 
time it appeared that the rates would be- 
come increasingly slower compared with 
iron. 

Five percent Cr alloy samples at 700 
and 750 C oxidized about half as fast as 
0.34 percent samples initially, but the ox- 
idation rate dropped off very rapidly 
with time. At 800 C one 5 percent Cr 
specimen started to oxidize more rapidly 
than pure iron but decreased very rapidly 
in rate, 

At 850 C, 10 percent Cr alloys do not 
differ from 5 percent alloys more than 
the latter differ frem each other. All lie 
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Figure 5—Oxidation rate curves for Fe and 0.20, 
0.34, 4.71 and 9.73 wt. percent Cr alloys in oxygen 
at 850 C. The densely taken points are omitted. 
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Figure 6—Oxidation rate curves for a 0.20 wt. Pe 02: Cr alloy in oxygen at temperatures between 800 
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below 0.2 and 0.34 percent samples by a 
factor of about 6. 

Except possibly for a brief initial pe- 
riod which shows a maximum length and 
rate for samples of about 0.2 percent Cr, 
the effect of chromium is to reduce the 
oxidation rate of iron. Chromium also 
seems to promote formation of pores and 
cracks within and between the oxide 
layers, perhaps by increasing the brittle- 
ness of the products. The pores and 
cracks which are not connected to the 
reactant gas volume should contribute to 
the reduction in oxidation rate and may 
be largely responsible for the deviations 
from the parabolic rate law. In any case, 
the breakaway phenomenon could not be 
made reproducible. 


Metallographic Observations 

Wiistite is designated here as W. The 
spinel oxides are designated collectively 
by S, where the composition lies between 
Fe,O, and FeCr.O,. Rhombohedral solid 
solutions with compositions between 
Fe,O, and Cr,O, are designated R. In all 
samples examined the highly reflective R 
phase shows changes in reflected intensity 
when rotated between crossed polarizers. 
All photomicrographs are printed in such 
a way that the metal phase, whether vis- 
ible or not, lies on the left, and the 
metal-oxide interface is vertical. 


Pure iron—Figure 8, for a specimen 
reduced in hydrogen then oxidized for 
one hour at 846 C, shows heavily etched 
metal, a crack, W and S layers of about 
equal thickness, and strange R protuber- 
ances covering only part of the surface. 
The proportions of the phases are not 
typical, but the picture is shown because 
of the unusual hematite morphology. 


0.2 percent Cr—Figure 9 shows a mod- 
erately porous layer of spinel grown in 
253 hours at 840-843 C on a surface pre- 
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treated for 3.5 hours in hydrogen. There 
is no evidence of W. The product is 
mainly S with a little R on the external 
surface. 

Figures 10 and 11 are scales grown for 
18 hours at 927-930 C on a surface pre- 
treated for 3 hours in hydrogen. In Fig- 
ure 10 the R layer is about one fourth as 
thick as S. There is apparently a small 
amount of R at the inner irregular edge 
of S. The S layer is moderately porous. 
Figure 11 has a very small amount of R 
on the outer surface and some R growing 
into S along intruding cracks. The 
mottled region occupying the inner half 
of the S layer looks like the outer half 
under bright field illumination. Only 
under polarized light does the mottling 
become distinctly visible, hence it is not 
undistorted, cubic spinel entirely. The 
nature of the aggregate is not completely 
clear, but only R and S are indicated by 
x-ray diffraction. It may be that R of 
moderately high Cr content is precipi- 
tated on cooling. Examination at very 
high magnification suggests a poorly de- 
fined intergrowth type of morphology. 
Along the alloy surface a thin, irregular 
oxide exists, separated by a wide crack 
from the balance of the scale. The oxide 
is probably S predominantly with a com- 
position somewhat different than that of 
the thicker layer. 

The sample shown in Figure 12 was 
oxidized 4.7 hours at 1000 C. The W 
layer has S precipitate in the outer two 
thirds of its thickness. It is separated by 
a large crack on the outer side from 
the irregular S layer and on the inside by 
another crack under which a thin, bright, 
continuous S layer overlies another W 
layer which adheres to the metal. 


0.34 percent Cr—Pretreated 20 hours 
in hydrogen and oxidized for 24 hours at 
781 C, the specimen in Figure 13 shows 
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Figure 7—Oxidation rate curves for a 0.20 wt. 
percent Cr alloy pretreated in hydrogen at the oxida- 
tion temperature for the time stated on the curve. 

























Figure 8—Pure iron reduced in hydrogen, then 
oxidized one hour at 846 C. Fifteen percent nital 
etch, polarized light, approximately 140X. 





Figure 9—0.2 percent Cr alloy held in hydrogen for 
3.5 hrs. then oxidized 253 hrs. at 842 C. Unetched, 
approximately 16CX. 


only a thin S layer with traces of R on 
the outer surface and around pores. Fig- 
ures 14-17 are taken from a specimen 
pretreated for 22 hours in hydrogen and 
oxidized 72 hours at 818 C. Figure 14 is 
unetched and Figure 15 is of the same 
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Figure 10—0.2 percent Cr alloy held in hydrogen 
for 3 hours then oxidized 18 hours at 930 C. 
Unetched, approximately 140X. 


Figure 11—Same specimen as Figure 10. Polarized 
light, approximately 110X. 


area etched to show the W layer more 
effectively with its S precipitate. The 
homogeneous appearing S layer is con- 
siderably thicker than the W, and the R 
outer layer is about one fourth as thick as 
S. Between W and metal there is a layer 
of rather uniform thickness, also seen in 
Figure 14, which is not identified. It does 
not polish or etch like any of the normal 
constituents, but in Figure 16 at higher 
magnification it looks porous or powdery 
and possibly consists of two phases, so it 
may not involve new phases. The layer 
shows no changes in reflected intensity 
when rotated between crossed polarizers. 
Figure 16 also shows subscale in the alloy 
and some detail of the pores in the inner 
part of the W layer. Figure 17 shows a 
very porous area in the S layer, which 
occupies a relatively great fraction of the 
thickness at this point. The outer R layer 
is reasonably sound. Small islands of S, 
perhaps of different composition than the 
main S layer, are growing between W 
and metal. 

The 850 C specimen, Figure 18, pre- 
treated 16 hours in hydrogen, oxidized 
103 hours, shows mainly W containing S 
in greater quantity toward the outside 
and high porosity, both large and small, 
toward the metal. The thin S layer is very 
porous, and the R layer is very thin. Fig- 
ures 19 and 20 are for a sample treated 
for 17 hours in hydrogen and oxidized 27 
hours at 900 C. Figure 19 looks much the 
same as Figure 18, except that there is 
less fine porosity at the inner edge of the 
W layer, and Figure 19 is etched to show 
the distribution of S in W more clearly. 
An inner layer, like that in Figure 16, 
seems even more like a mixture of phases 
in Figure 20. Sizable blocks of S grow 
into the W layer just above the inner 
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Figure 12—0.20 percent Cr alloy oxidized 4.7 hours ct 1000 C. Etched in 10 percent nital, 200X. 


layer. Note that the proportion of the 
thickness occupied by W increases with 
increasing temperature. 


Two percent Cr—The sample in Fig- 
ure 21 was oxidized for 3.4 hours at 950 
C. An inner W layer with S precipitated 
in it is closely adherent to the alloy over 
most of the interface. Outside that layer 
the very porous W has veins of S parallel 
to the interface. Then there is a thick S 
layer, and finally an R layer. The alter- 
nating veins are presumably the result of 
cracks parallel to the interface which 
connected with the oxygen atmosphere at 
least for a time. A possibility not yet 
tested is that S was the product initially 
in contact with the alloy with W forming 
later as a result of chromium depletion. 


Five percent Cr—The sample for Fig- 
ures 22 and 23 was oxidized at 747 C for 
three days before a runaway furnace car- 
ricd it to about 1250 C for nearly 14 
hours. Microscopy and x-ray diffraction 
indicate only S and R as products. The 
inner porous mixture of nearly uniform 
thickness (Figure 22) may be derived 
from the inner layer seen in Figures 16 
and 20. The mottled effect in the inner 
quarter of the S layer is seen in both Fig- 
ures 22 and 23. At high magnification, 
Figure 24, the morphology suggests that 
R is forming with S during growth or, 
more likely, from S on cooling. An outer 
R layer exists, and R is seen around 
cracks and pores in the S layer. This is 
one of the samples on which electron 
microprobe analyses were obtained (see 
below). 


X-ray Diffraction 

On most specimens only surface reflec- 
tion patterns were taken. Practically all 
of these showed only S, R and, when the 
layer was thin, alloy lines. More detailed 
mention is made here only of the few 
cases in which other procedures were 
followed. 

The scale was mechanically pried off 
one 5 percent Cr alloy oxidized 12 hours 
at 850 C. Diffraction from the surface 
thus exposed gave strong R lines, weak S 
lines and very strong alloy lines. 

Another 5 percent Cr specimen (treat- 
ment described for Figures 22 and 23) 
had its outer oxide layer mechanically 
separated. Both pieces were mounted and 
diffraction patterns were taken from suc- 
cessive faces as the layers were ground 
away, each in five steps. Starting from the 
outer surface the S and R lines, the only 
certain lines visible, indicated R decreas- 
ing progressively back to the position of 
the crack where S predominated strongly. 
Inside the crack R became strong again, 


Figure 13—0.34 percent Cr alloy held in hydrogen 


for 20 hours, then oxidized 24 hours at 781 


Unetched. 200X. 


S weak, until alloy lines became most 
prominent. The observation supports the 
notion that R precipitates in the S layer 
on cooling, and that the inner layer con- 
tains no new phases. 

W was observed only on a 0.34 percent 
Cr specimen from which the outer scale 
had partially chipped away. Apparently 
the chromium radiation did not penetrate 
far enough to reveal deep-lying W in the 
other cases. 


Electron Microprobe X-ray Analysis 
Two 5 percent Cr alloys were exam- 
ined with the Cameca x-ray microanaly- 
zer at the International Nickel Co. Re- 
search Laboratories by Drs. Kenneth 
Carroll and Sekyu Ohh. Because of the 
absence of suitable standards the compo- 
sitions are only approximate, but quite 
adequate to show the relative effects 
sought. For the alloy phase only, the start- 
ing composition itself provided an abso- 
lute standard. Results for the same speci- 
men as Figures 22 and 23 are shown in 
Figure 25. Figure 26 is a photomicro- 
graph of the 5 percent Cr alloy oxidized 
at 850 C showing carbon deposition spots 
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Figure 14—0.34 percent Cr alloy held in hydrogen for 22 hours, then oxidized 
72 hours at 818 C. Unetched, approximately 75X. 


where analyses were made. Figure 27 was 
taken from the opposite face. The speci- 
men could not be polished for these pic- 
tures without removing the carbon spots, 
so some dirt accumulated in handling is 
evident on the surfaces. Figures 28 gives 
the results of the analyses. 

The phase identifications in Figure 25 
are based on x-ray and microscopic 
examination and in Figure 28 on micro- 
scopic examination only, although x-ray 
reflections from the surface of the latter 
specimen gave strong hematite lines, 
weak magnetite lines and very strong 
iron lines, consistent with the microstruc- 
ture. In the mottled region the minor 
constituent, presumably R, seems to have 
the higher Cr content, because the high 
intensities appeared in spurts as_ the 
specimen stage was moved under the 
electron beam. 


Discussion 


The products of the oxidation of iron- 
chromium alloys are all structurally re- 
lated to the three oxides of pure iron and 
may be regarded as solid solutions of 
chromium and oxygen in wiistite, mag- 
netite or hematite. In spite of the evi- 
dence that pores and cracks play a major 
role in the kinetics of oxidation of these 
alloys, it is desirable to see to what ex- 
tent the oxidation can be rationalized in 
terms of the Fe-Cr-O equilibria and in- 
formation now available on diffusion in 
the three oxide structures. The most that 
can be expected is qualitative agreement 
with observed trends. 


Fe-Cr-O Equilibria 

Above 815 C, where a maximum oc- 
curs in the sigma phase alloy field, and 
below the solidus minimum in Fe-Cr at 
about 1500 C the ternary diagram should 
have the form shown in Figure 29. The 
Y alloy phase does not occur below 830 
C or above 1400 C, but the only effect of 
its absence is to remove the dashed triangle 
and to convert all Y’s to a’s on Figure 29. 
The diagram substantially as given here 
seems to have been proposed first by 
Woodhouse and White.1! Approximate 
tie lines in the S + R field were ob- 
tained earlier by Richards and White.” 
The diagram is similar to those given by 
Yearian et al? and by Edstrém.!* Sey- 
bolt! has determined some additional 
equilibria which result in substantial 
changes in limiting compositions. Isobars 
in air have been obtained for Cr.-O,- 
Fe,O,-FeO by Muan and Somiya.'® 

Several things are clear from the na- 
ture of the equilibrium diagram. Wiistite 
is not stable in contact with an iron alloy 
containing appreciable amounts of dis- 
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solved chromium. The concentration of 
chromium necessary to stabilize the 
spinel phase in contact with alloy prob- 
ably increases with increasing tempera- 
ture. One oxidized specimen which ini- 
tially contained 0.34 percent Cr showed 
a W layer as low as 818 C. 0.2 percent 
Cr alloys showed no W at or below 930 
C after oxidation, but did have W at or 
above 1000 C. However, the fact that 
these alloys began to oxidize more rap- 
idly than pure iron at temperatures as 
low as 850 C seems to require that W was 
present, because the other oxides are too 
slow growing to support such rates. A 2 
percent Cr alloy had a W layer at 950 C. 
5 percent Cr alloys gave no W as high as 
1250 C. Because different oxidation times 
were employed and the distribution of 
chromium is not known in detail, quan- 
titative equilibrium data cannot be ob- 
tained from these oxidation rate experi- 
ments. 

Cr is taken into the spinel phase 
preferentially, according to the equilib- 
rium diagram and according to studies of 
growing scales. If W forms only after S 
growth has depleted the alloy, in order 
for W to continue to grow either some Cr 
must dissolve in W or W must be in equi- 
librium with alloy containing a measur- 
able concentration of Cr. No determina- 
tion of Cr solubility in W_ has been 
reported. However, the fact that in the 
long run W grows more slowly on 0.2 and 
0.34 percent Cr alloys than on pure Fe 
suggests that Cr partitions preferentially 
into the alloy phase under these condi- 
tions. With properly prepared samples it 
may be possible to check this point with 
electron microprobe x-ray analysis in 
spite of the low solute concentrations. 

The fact that Cr partitions preferenti- 
ally into the S layer from the alloy 
agrees with the analyses given in Fig- 
ures 25 and 28, and also with analyses of 
total Cr content in scales.*? If the Cr- 
depleted surface is exposed to direct re- 
action with oxygen as a result of cracks 
passing through the scale, it is to be ex- 
pected that the rate of oxidation might 
accelerate enormously.® Any nickel in the 
alloy initially is likely to remain prefer- 
entially in the alloy phase regardless of 
whether the oxide growing next to the 
alloy is W, S or R.1® Therefore the con- 
sequences of breakaway are not likely to 
be so serious in a nickel-containing stain- 
less steel as in a binary iron-chromium 
alloy, all other factors such as crack size, 
prior scale thickness, etc., being equal. 

In order to make further use of the 
equilibria, it is necessary to know some- 
thing about the ion mobilities in the ox- 
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Figure 15—Same specimen as Figure 14 etched to show S precipitation in the 
W layer. Etched in 4 percent nital, approximately 75X. 
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Figure 16—Same specimen as Figure 14 at higher 
magnification. Subscale is clearly visible in the 
alloy layer. Etched in — nital, approximately 


Figure 17—Same specimen as Figure 14 showing 
massive S growing on both sides of the W _ layer. 
Etched in 4 percent nital, approximately 50X 


ides, particularly in the spinel. From 
measurements made to date it is appar- 
ent that cation mobilities are generally 
lower in chromites than in ferrites,1*? so 
that the overall rate of spinel growth is 
expected to be lower when the composi- 
tion approaches more closely to FeCr,Q,. 
The studies by Yearian et al®* on the 
distribution of cations in spinel layers on 
iron-chromium alloys indicate that the 
iron ions diffuse more rapidly leaving a 
concentration of chromium ions nearer 
the alloy side in agreement with the ob- 
servations of Portevin et al.t The micro- 
structures confirm this chromium accre- 
tion indirectly. In order for R to precipi- 
tate on the inner side of the S layer where 
the effective dissociation pressure is rela- 
tively low, chromium must be highly con- 
centrated, so that R rich in chromium is 
the product. The analyses in Figure 25 
show that Cr does not reach the outer 
part of the scale while Cr is depleted in 
the alloy. (The hematite layer should 
grow at about the same rate as it does on 
pure iron.) 

The functions of chromium in the oxi- 
dation reaction then are the following: 
(1) Reduction in the rate of W growth 
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Figure 18—0.34 percent Cr alloy held 16 hours in hydrogen then oxidized 103 
hours at 850 C. Unetched, approximately 75X. 


Figure 20—Same specimen as Figure 19 at higher 

magnification, showing the unidentified mmner layer 

and massive S$ growing into the W layer. Etched in 
4 percent nital, approximately 370X. 


by decreasing its range of stability and, 


if enough Cr is present, elimination of W 
as a product. This is the same kind of 
rate-reducing mechanism found for Ni in 
Fe, but much less Cr is needed. (2 
Slowing the growth rate of S but not so 
much as of W for small Cr additions. (3 
Elimination of S as a stable phase if the 
Cr content is high enough. Although Cr 
is taken preferentially into the oxide, 
when the oxides are slow growing, 
chromium depletion in the alloy near the 
interface must be reduced by interdiffu- 
sion of iron and chromium in the alloy 
phase. (4) When the Cr content is too 
high for S formation, or when S ap- 
proaches FeCr,O, in composition, the R 
layer may exhibit a modified growth rate 
as a result of increasing its Cr content. 
The natural growth rate of pure Cr,O,18 
is slower than that of Fe.O,!9 at the same 
temperature. It can only be assumed that 
the mixtures grow at intermediate rates 


Figure 22—Five percent Cr alloy oxidized 3 days at 747 C, then 14 hours 
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Figure 19—0.34 percent Cr alloy held 17 hours in hydrogen then oxidized 27 
hours at 900 C. Etched in 4 percent nital, approximately 160X. 


Figure 21—Two percent Cr alloy oxidized 3.4 hours at 960 C, showing S veins in the cracked W region. 
Etched in 5 perceni nital, 200X. 


at this time.) The thickness of R relative 
to the total scale becomes greater as the 
Cr content in the alloy increases. 

Seybolt!* observed that above 13 per- 
cent Cr only R of nearly pure Cr,O, 
composition is to be expected as an 
equilibrium product. The appearance of 
oxides rich in iron on alloys containing 
more than 13 percent Cr is a sign of 
mechanical failure in the scale. 

Moreau and Benard?° have oxidized 18 
percent Cr alloys for long times in air at 
temperatures greater than 900 C. They 
find a great deal of W in the products 
and also observe extensive subscaling, 
where the internal oxide belongs to the 
R phase. On 2.6 percent Cr alloys W was 
observed above 600 C, and the oxidation 
rates were close to those of pure iron. 
These observations suggest that the alloy 
near the scale was severely depleted of 
dissolved Cr in the long oxidation period. 
Although the use of cylindrical samples 
may have contributed to substantially 
different cracking conditions than those 
found in flat samples, it seems likely that 
W was not one of the initial products but 
only appeared after Cr depletion oc- 
curred. 


at 1250 C. Polarized light, approximately 80X. 


362t 


On the other hand the W observed in 
the 0.2 and 0.34 percent Cr alloys was 
probably there from the start since many 
0.2 percent Cr alloys oxidized initiall) 
faster than pure iron, becoming slower 
only after a half hour in some cases. It is 
not clear why some 0.2 percent Cr sam- 
ples show W and others do not. It seems 
unlikely that S nucleation is easier than 
W nucleation, but some explanation of 
this sort may be required. 

Yearian et al? found W derivatives for 
much higher initial Cr concentrations, 
but their commercial steels had a con- 
siderable amount of Mn. NnO forms a 
continuous series of nearly ideal solid 
solutions with FeO.?! Since MnO has a 
lower dissociation pressure than Cr,.O.,, 
the presence of Mn may greatly extend 
the range of conditions under which W is 
stable in spite of the likelihood that Mn 
also increases the spinel stability. The 
spinel products were also found to con- 
tain high Mn concentrations.® 

The non-reproducibility of the rate 
measurements, including the initiation 
of breakaway, appears to be an essential 
feature of the process. Since the structure 
sensitivity persists when all three oxide 


Figure 23—Same specimen as Figure 22 
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OXIDATION OF IRON-CHROMIUM ALLOYS AT 750-1025 


Figure 24—Same specimen as Figure 22, but showing 
mottled region only. Polarized light, 500X. 
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Figure 25—Metal ion concentrations in alloy and 

scale layers determined by microprobe analyses. The 

microstructure of the sample is indicated for 
comparison. 


Figure 26—Five percent Cr alloy oxidized 12 hours 

ct 850 C. Shows carbon deposition spots where 

he electron beam sampled the specimen. Unetched, 
approximately 660X. 


Figure 27—Structure of the opposite face of the 
specimen in Figure 26. ——— 200X magnified 
to 280X. 


phases are present in the sample, it ap- 
pears that phase nucleation is not the 
dominant factor in giving the sporadic 
rate changes. Cracking seems to be the 
likely source of the irregularities, al- 
though the appearance of cracks has not 
been specifically correlated with break- 
away in this study. Hornstra?? has shown 
that the Kronberg mechanism of strain 
rate dependent ductility? applies to spi- 
nels, as proposed earlier.2* The alloying 
of magnetite should make it more brittle 
in several ways. Kronberg?* showed that 
the glide of a dissociated dislocation 
through a complex structure, Al,O, in his 
example, tends to restore the lattice of 
one ion, leaving ions of the other sign in 
positions which are normally interstitial 
sites. To reduce the energy required for 
the dislocation to move on, the displaced 
ions must diffuse into proper positions. 
Among the spinels, reordering of the 
cations should be easiest in pure Fe,O, 
because a part of the ordering can occur 
by electron transfer, reducing the ion 
jump distances to a minimum.?> When 
other cations are present, electron trans- 
fer may not be energetically as favorable. 
Furthermore, it has been shown that the 
ion diffusivities are lower in the substi- 
tuted ferrites which have been studied,'7 
and the rates of ion diffusion to restore 
order should be reduced. In spite of the 
reduction in oxide growth rate with 
added Cr content, the brittleness may in- 
crease even more rapidly than the growth 
rate decreases. Pilling and Bedworth?® 
found an effect of this sort with decreas- 
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Figure 28—Metal ion concentration in the specimen. 
shown in Figure 26 as determined by microprobe 
analyses. 


Figure 29—Isothermal triangle for the system 
Fe-Cr-O applicable with only small composition 
differences between 850 and 1450 C. 


ing temperature for the oxidation of cop- 
per. Such behavior could account for the 
morphology of the oxide layers on the 
alloys. 

Smeltzer?? suggested that breakaway 
might be initiated when depletion of the 
alloying element in the alloy layer near 
the oxide leads to a phase change in the 
alloy. Such effects could contribute to 
these measurements only near 900 C for 
an alloy with 2 percent Cr or less and 
near 850 C for the 5 percent Cr alloys. 
Even then they could only be consistent 
with the results of this study if nuclea- 
tion of the @- y transformation occurred 
very erratically. 

The effects of the hydrogen pretreat- 
ment are not understood. Perhaps the 
water vapor content was high enough to 
produce striations of the type observed by 
Moreau and Benard?* and strongly mod- 
ify the subsequent course of cracking and 
pore growth. 

Fujii and Meussner?® oxidized Fe-Cr 
alloys in helium-water vapor mixtures at 
700, 900 and 1100 C. They found that W 
remained a major product up to 15 per- 
cent Cr content in the starting alloy. At 
900 C the oxidation rates were somewhat 
slower than those of pure iron, but they 
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were much greater than the rate of oxida- 
tion of the same alloy in pure oxygen. 
The presence of hydrogen in the system 
has little effect on the growth rate of oxides 
on pure iron,?® therefore its large effect 
on these alloys is startling. In some man- 
ner hydrogen must increase the stability 
of W relative to S or accelerate the sub- 
scaling of the alloy so that internal pre- 
cipitation of S keeps the chromium con- 
centration in the outermost alloy layer 
low. Further investigation of the role of 
hydrogen in oxide transport processes 
and equilibria is clearly needed. 
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DISCUSSION 
Question by A, S. Couper, American Oil 
Co., Whiting, Indiana: 

You mentioned that manganese would 
tend to stablize the wiisite. Will you 
please elaborate on the possible mechan- 
ism? 


will appear in December, 1961 issue. 
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Reply by C. E. Birchenall: 

Evidence that manganese tends to sta- 
bilize wiistite during the oxidation of 
steels is indirect and of the two kinds 
cited. The thermodynamic evidence re- 
lates to the fact that MnO and. FeO 
form a continuous series of solid solu- 
tions.2 Because MnO is a very stable 
oxide (that is, it has a low dissociation 
pressure relative to FeO and even low 
compared to Cr,O,) it is reasonable to 
suppose that the dissociation pressure of 
the mixed oxides is lower than that of 
FeO. Unlike nickel, and apparently 
chromium, there is no reason to believe 
that wiistite growing on a manganese- 
containing alloy does not contain manga- 
nese itself. The kinetic evidence is that 
Yearian and others? who used manga- 
nese-containing steels found wiistite 
among the oxidation products at higher 
chromium concentrations than did the 
authors. 

It should be reemphasized that it has 
not been directly demonstrated that 
wiistite is stabilized with respect to alloy 
and spinel. The pertinent section of the 
ternary equilibrium diagram would have 
to be worked out to make certain what 
is now a conjecture. Thus we believe that 
the presence or absence of wiistite de- 
pends only on its stability relative to alloy 


and spinel and not on kinetic considera- 


tions, because the cations in wiistite are 
sufficiently mobile to insure its growth, 
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Driven Ground Rod Test Program 


A Progress Report of NACE Task Group T-4A-3'” 


On Methods and Materials for Grounding 


Introduction 


HE INCREASED use of cement, 

plastic, wrapped pipe and even cast 
iron with neoprene-joint pipe systems for 
water mains may soon make useless the 
use of water pipes for grounding elec- 
trical systems. Many water systems in- 
stall an insulating bushing between the 
house lines and meter or street mains. 

Many of the water utility companies 
throughout the United States object to 
their piping systems being used as a 
ground for electrical systems. 

The East Bay Municipal Utility Dis- 
trict in Oakland, California, has a reg- 
ulation: “Section 25. Prevention of 
Ground Wire Attachments.—The Dis- 
trict is not responsible for providing an 
electrical ground through water service 
equipment. Accordingly, customers are 
cautioned not to attach any ground wir- 
ing to plumbing which is or may be 
connected to District service equipment. 
The District may hold the customer 
liable for any damage to its property 
resulting from a ground wire attach- 
ment.” 

At the October 1960 California Sec- 
tion Meeting of the American Water 
Works Association at Long Beach, there 
was extended discussion of the problem 
of connecting the electric neutral to 
water pipes. Two papers were presented 
entitled “Grounding of Electrical Serv- 
ices to Water Piping Systems” by Arthur 
G. Clark* and “Electrical Grounding 
Requirements Vs. Water Utility Prac- 
tices” by Lee B. Hertzberg.** 

Although there is no conclusive evi- 
dence that stray alternating currents 
from grounding on water piping systems 
materially affect electrolysis, electrolytic 
corrosion or galvanic corrosion, many of 
the small water companies are led to 
believe that some or all of their cor- 


“ Irwin C. Dietze, Dept. of Water and Power, 
City of Los Angeles, Los Angeles, Calif., 
Chairman. 


* Arthur G. Clark, Acting Chief, Mechanical 
Bureau, Department of Building and Safety, 
City of Los Angeles. 


** Lee B. Hertzberg, Supervising Mechanical and 
Flectrical Engineer, East Bay Municipal Utility 
District, Oakland, California. 


rosion problems are caused by the neu- 
tral grounding. It is quite possible that 
in the not too distant future the AWWA 
may go on record against such electrical 
grounding to their water pipes. 


Work and Recommendations 

The gas companies started a program 
some years ago to install an insulated 
meter swivel on the inlet side of the 
meter during periodic change. Their 
principal reason for doing this was to 
prevent an arc or spark when removing 
a gas meter from the service line. 

The national, state and local codes 
and safety orders are all about the 
same in specifying that the grounding 
electrode shall be a continuous metallic 
underground cold water piping system 
where such piping system is available. 
Where a water system is not available, 
the grounding connections may be made 
to other local metallic underground 
piping systems or plate, pipe or rod 
electrodes. 

It has been reported that the South- 
western Regional Conference of Inter- 
national Association of Electrical In- 
spectors at a recent meeting made a 
recommendation to panel five for in- 
clusion in the 1962 code to drive indi- 
vidual ground rods at every service. 

The City of San Francisco in 1961 will 
require a driven ground rod to be in- 
stalled at each point where the neutral 
is connected to the cold water line. 

The National Association of Corrosion 
Engineers through their Committee 
T-4A, “Effects of Electrical Grounding 
on Corrosion” have for several years 
been concerned with this grounding 
problem. Task Group T-4A-3, “Methods 
and Materials for Grounding,” is starting 
a “Driven Ground Rod Test Program” 
to find a suitable material for ground 
rods, said material not to have the gal- 
vanic disadvantages of copper. This is a 
national program with test sites to be 
selected in various parts of the United 
States. 


Copper Ground Rods 


The material which has had the most 
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Abstract 


Dangers involved in grounding of electri- 
cal systems to water pipes are reviewed 
briefly. Safety orders, municipal and state 
codes, technical society recommended prac- 
tices, etc. are discussed in this connection. 
It was found that the City of San Fran- 
cisco required a driven ground rod to be 
installed at each point where the neutral 
was connected to the water line. 

A proposed driven ground rod test pro- 
gram is outlined briefly. Some 33 driven 
ground rods are scheduled to be examined 
after burial for one, three and seven year 
periods. Materials to be tested include 
mild steel, galvanized steel, copper clad 
steel, Ni-Resist and Type 302 stainless 
steel. Copper is not deemed to have the 
desired galvanic properties. 7.7 


universal use is copper clad steel rods or 
copper tubing. Copper when connected 
to steel pipes, lead cable sheaths, etc., 
creates a bad galvanic situation. The 
copper receives cathodic protection from 
the other metals connected to it at their 
expense. The damage to steel when a 
small area of copper is connected to a 
large area of steel is not very great. 

If the use of copper for ground rods 
for every electric service should become 
universal, all these copper ground rods 
connected together through the electric 
neutral would be a great hazard to steel 
connected to it for both the utility and 
the consumer. 

Another factor to keep in mind is 
this: if all consumer grounding should 
be done with ground rods, who is going 
to maintain this grounding network? It 
is necessary to know what will happen 
when a large number of ground rods 
corrode away and the resistance to 
ground rises above the minimum of 25 
ohms. The electric codes could be 
changed to require the utility to main- 
tain all ground rods. 

Other companies are also interested in 
this question. For example, the telephone 
companies need good grounds for their 
ringing circuits on party line telephones. 

Occasionally a water softener is in- 
stalled in water lines outside buildings 
and is connected with rubber hose 
fittings. This insulates the water pipe 
ground from the house water piping 
system. 

The Water System of the Department 
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of Water and Power has received ap- 
proval from the Board of Public Works 
to use plastic pipe for water services up 
to its water meter. 


Summary 

It can be readily seen that there are 
many persons concerned with this 
grounding problem and how to solve it. 
The “Driven Ground Rod Program” of 
the NACE is a step forward to acquire 
data for solving this problem. Both the 
utilities and the code regulatory bodies 
should welcome and help in this program. 


NACE Committee Program on 
Driven Ground Rods 

On June 17, 1960 the first definite 
proposal for a “Driven Ground Rod 
Program” was formulated and mailed to 
52 committee members and _ others 
thought to be interested in this program. 
A meeting of Committee T-4A-3 was 
held September 8, 1960 in Los Angeles 
to consider suggestions received from 
the above mentioned letters and to re- 
vise the program. On October 7, 1960 a 
second committee meeting was held in 
San Francisco during the Western Re- 
gional Convention. 
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The second revised program dated 
September 29, 1960 was mailed October 
21, 1960 to 90 people. The last para- 
graph of the letter asked for suggestions 
and stated that if addressees were in- 
terested in the program in any form 
whatsoever to please reply; otherwise 
their names would be removed from the 
mailing list. 

The following types of 54-inch x 8 
foot long ground rods were selected by 
the task group for inclusion in the pro- 
gram. 

1. Mild Steel 

2. Galvanized Steel 

3. Copper Clad Steel 

4, Ni-Resist 

5. Stainless Steel, 302 


Three complete sets totaling 33 driven 
ground rods will be buried at each site 
with the removal for examination of one 
complete set after one, three and seven 
years. 

The task group received definite com- 
mitments from eight persons whose 
companies will sponsor a total of eleven 
test sites. Several other individuals are 
also in the process of obtaining sponsor- 
ship of a test site. 


will appear in December, 1961 issue. 
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The International Nickel Company, 
Inc., agreed to furnish the Ni-Resist and 
stainless steel 302 rods. The Copperweld 
Steel Company agreed to furnish the 
copperweld steel rods, and the Tennessee 
Coal and Iron Co. the hot dipped gal- 
vanized steel rods. The balance of 12 
mild steel rods will be furnished by each 
sponsor. It is estimated that the cost 
of these 12 rods will be less than $45.00 
for material. 

In addition to the eight persons men- 
tioned previously, 22 others answered the 
task group’s inquiry of October 7, 1960 
indicating their interest in the progress 
of the project but not participating. 

The third and final revised “Driven 
Ground Rod Test Program,” dated Jan- 
uary 16, 1961, and showing details of 
plan, data sheets, etc., was mailed to all 
those sponsoring test sites and interested 
parties. 

The task group is still looking for 
more sponsors in different parts of the 
country. Anyone desiring to participate 
in this program and sponsor a “Driven 
Ground Rod Test Program,” is asked to 
contact the chairman of T-4A-3 as soon 
as possible. 
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Pipe-Type Cable 
Corrosion Protection Practices 


In the Utilities Industry 
A Report by NACE Technical Unit T-4G 


On Protection of Pipe-Type Cables 


Introduction 

N 1954, a report was published in 

Corrosion summarizing the corrosion 
control practices of 17 owners of pipe 
cable systems. These systems included 73 
installations totalling 294.8 miles, in- 
stalled between 1935 and 1953. 

With the growing application of pipe 
cable systems and development of new 
corrosion mitigative methods, it became 
desirable in 1958 to make a survey of 
the pipe cables installed between 1953 
and 1958. The results of the latter sur- 
vey are reported herein. 

This summary presents corrosion con- 
trol practices on 301.2 circuit miles of 
pipe cable installed in the six-year period 
from 1953 to 1958. The information was 
supplied in response to a questionnaire 
distributed by Committee T-4G (for- 
merly T-4B-4). 

Eight companies which replied to the 
previous questionnaire also furnished in- 
formation for the present survey. These 
companies include most of the large users 
of pipe-type cable in the United States. 


© F, E. Kulman, Content | Edison Co. of New 
York, Inc., New York, N. Y., Chairman. 


TABLE 1— General Information On Pipe Cables Installed 1953-1958 


Name of No. Circuits Energized 
Manufacturer® During Year Approximate Circuit Miles and Kilovolts 


0 0 & > § Company 


(1) 


General Information 


The following utilities submitted re- 
plies to the questionnaire: Baltimore Gas 
& Electric Company, Baltimore, Mary- 
land; Boston Edison Company, Boston, 
Massachusetts; Central Power & Light 
Company, Corpus Christi, Texas; The 
Cleveland Electric Illuminating Co., 
Cleveland, Ohio; Commonwealth Edison 
Company, Chicago, Illinois; Consolidated 
Edison Company of N. Y., Inc., New 
York, New York; The Detroit Edison 
Company, Detroit, Michigan; Duquesne 
Light Company, Pittsburgh, Pennsyl- 
vania; Florida Power & Light Company, 
Miami, Florida; Long Island Lighting 
Company, Hicksville, New York; Mem- 
phis Light, Gas & Water Division, Mem- 
phis, Tennessee; Philadelphia Electric 
Company, Philadelphia, Pennsylvania; 
Potomac Electric Power Company, 
Washington, District of Columbia; Pub- 
lic Service Electric & Gas Company, 
Newark, New Jersey; Nikon Kokan K. 
K., Toyama, Japan; Sumitomo Chemical 
Ind., Ltd., Niihama-shi, Ehime-Ken, 
Japan; Yawata Iron & Steel Co., Ltd., 
Yawati-shi, Fukuoka-Ken, Japan. 


Table 1 summaries the general infor- 


Operating Temperature Design,°C 


66-69 Kv Cables 
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Abstract 


A summary is made on corrosion control 
practices on 301.2 circuit miles of 
cable for the period 1953 and bee 
High pressure oil cables made up 245.9 
miles of the total and high pressure gas 
cables the remaining 55.3 miles. Informa- 
tion contained in this report was supplied 
by 17 utility companies in response to a 
questionnaire distributed by an NACE 
Technical Committee. Asphalt mastic pipe 
coating was used by 14 of the 17 companies. 
Three companies used coal tar enamel, two 
asphalt enamel and one epoxy coating. 

Data given include number of circuits 
energized during year, approximate circuit 
miles and kilovolts, operating temperature 
design, average lengt between manholes, 
pressure medium (pipe miles), sizes of pipe 
used for pipe cables, type of external pipe 
coating used on buried pipe, type rein- 
forcing and shielding used with enamel, 
coating thickness, precautions taken to pre- 
vent coating damage, material used to coat 
weld, and material used to coat cable joint 
sleeves in manholes. Also discussed were 
material used on non-buried sections, ac- 
ceptable coating resistance, average soil 
resistivity, rate of coating deterioration, 
grounding and cathodic protection prac- 
tices, performance of cathodlie protection 
equipment, etc. 

The resistor-rectifier method of cathodic 
protection was finding wider application 
among companies operating pipe cables. 7.7 


mation on the pipe cable installations 
discussed in this report. 
Of the 17 companies reporting instal- 


Average 
Length Pressure 
115-138 Kv Cables between Medium, 





| 19.10 |38. 
| 29.92 |50. 
| 24,50 |24, 
| 55.90 | 58. 





onoy | zee 





*Gen-General Cable; Ok-Okonite; PD-Phelps Dodge; FE-Furnkama Electric; SE-Sumitomo Electric 


Manholes, | Pipe Miles 
Feet 
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lations of pipe-type cables, the manufac- 
turers of their cables were General Cable 
Corporation, Okonite Company, and 
Phelps Dodge Copper Products Corpora- 
tion in the United States and Furnkama 
Electric and Sumitomo Electric in Japan. 

The 17 users report a total of 301.2 
circuit miles of pipe-type cable installed, 
with voltage distribution as follows: 


Kv 26 66 69 115 120 138 
Miles 2.5 1.9 96.5 17.0 15.1 168.3 


TABLE 2 — Sizes of Pipe Used 
For Pipe Cables 


NUMBER OF 


pons COMPANIES INDICATED 


THICKNESS, 


*0OD in inches 


Type of External 
Pipe Coating Used 
Company on Buried Pipe 


\ Asphalt mastic 


1. Asphalt mastic 
2. Coal tar enamel felt 


1. Asphalt mastic 
2. Coal tar enamel felt 


1. Asphalt mastic 
2. Epoxy 


Asphalt mastic 


Asphalt mastic 


Asphalt mastic 
Asphalt mastic 


| Asphalt mastic 


Asphalt mastic 
Asphalt mastic 


Asphalt mastic 
Asphalt mastic 


Asphalt mastic 


Reinforced coal tar 
enamel 

yarn. 
Reinforced asphalt 
enamel fabric tape. 
Reinforced asphalt 
enamel 


If Enamel, What Kind 
of Reinforcing and 
Shielding Used? 


Fiberglass and asbestos 


Fiberglass and ashestos 


Asphalt impregnated 
glass fiber tape and jute 


Glass, jute and cotton 


Glass, jute and cotton 
fabric tape. No shielding. 


The pipe-type cables reported are of 
two types: high pressure oil cables and 
high pressure gas cables. The total mile- 
age of high pressure oil cables is 245.9 
miles, and of high pressure gas cables 
55.3 miles. 

The average length of pipe between 
manholes for the various installations 
ranged from 1,361 feet to 4,800 feet. The 
maximum length of pipe is limited by 
the allowable stresses in the power cable 
during pulling in operations and is max- 
imized when the number of pipe bends 
is a minimum. 


The sizes of pipe installed, and their 
wall thicknesses are shown in Table 2. 


Pipe Coating 

Asphalt mastic pipe coating was used by 
14 of the 17 companies. Three companies 
used coal tar enamel, two asphalt enamel, 
and one company used epoxy coating. 
The coal tar enamel and asphalt enamel 
coatings were reinforced with fiber-glass. 
Asbestos felt was reported as an outer 
shielding material by two companies. 

Fifteen companies used sand or sifted 
earth padding to protect the coating from 
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penetration by sharp objects. One com- 
pany poured a concrete envelope around 
the pipe. One Japanese company used 
rock shield placed around the coating. 
Curved sheet metal plates were placed 
around the pipe by one user where the 
pipe was in close proximity to other 
structures, 

Pipe welds in mastic coated pipes were 
coated with asphalt mastic by eleven users, 
and with asphalt enamel by four users. 
Asphalt enamel was used to coat the 
welds by the two companies using asphalt 
enamel pipe coating. Two of the three 
companies using coal tar coatings used 
the same material for coating the welded 
joints and one company used asphalt 
enamel. 

Fourteen companies reported that they 
had not experienced deterioration of the 
pipe coating. Two companies reported 
deterioration of asphalt mastic coating. 
One company did not reply to the ques- 
tion on deterioration. 

Thirteen companies reported specific 
values of minimum coating resistance 
(megohms per sq. ft. of pipe area) ac- 
ceptable on initial tests of the coating. 
Eight of these gave 10 megohms per 





TABLE 3——Pipe Coatings and Their Performance 


| 


Precautions Taken to 
Prevent Coating 
Damage 


Sand padding 


Nominal 
Thickness of 
Coating (Inch) 


\4 for asphalt Sand padding 
mastic 


3 39 for coal tar 


4 for asphalt 
mastic 
5 49 for coal tar 


Sand padding 


4 Sand padding 


| Sand padding. Curved 


| sheet metal plates are 
placed where pipe is in 
close proximity to other 
| structures. 


Sand padding 
| Concrete envelope 
| poured around pipe. 


| Sand padding 
| 
| 


Sand padding 


Sifted earth 
| 


Sand padding 


| Sifted earth only where 
| necessary 


6” for 8” Pipe Sand padding 


746” tor 6” Pipe 


Sand padding 
| Sand padding 


Sand padding 


Rock shield 


| Material Used to 


| Asphalt-enamel 


| Asphalt mastic 


| Asphalt mastic 


Asphalt enamel 


| Asphalt enamel 


Material Used to Coat 
Cable Joint Sleeves 


Coat Pipe Weld in Manholes 


Asphalt mastic or Black Paint 


| asphalt enamel 


1. Asphalt mastic 
2. Coal tar enamel | 


Coal tar enamel 


1. Asphalt mastic 
> 


Grease and laminated wrapper 


| 2. coal tar enamel 


| Glass fabric sat. with asphalt 


Sand blast metal : 
1 Coat ACB tropical primer 
2 Coats Sipes sukway black 


Asphalt mastic 


| Sprayed metal & Sipes # 80 Paint 


Asphalt mastic 


| Coal tar enamel on fiberglass 


Asphalt mastic 
Semi-quick drying phenolic red 
lead 


Asphalt-enamel 


Asphalt mastic Pipe is coated with asphalt 
mastic. Valves, gas tie, copper 
pipes, etc., coated and wrapped 
with No-Ox-Id. 


| Cold applied tape coat 
| Asphalt mastic 
Pipe coated with sprayed alumi- 
|} num. Sump pumps are used to 
keep manholes relatively dry. 


Asphalt mastic 


| Asphalt enamel or | Sprayed metal and synthetic 
asphalt mastic 


| resins 
| 
| 


Asphalt enamel | Asphalt enamel 


(No joint in pipe line) 


| (No joint in pipe line) 


No joint 


Asphalt enamel 
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square foot as minimum acceptable re- 
sistance. Five other utilities reported 
espective individual values of 2.3, 16.95, 
17, 17 and 30 megohms per square foot 
f pipe area, as the minimum acceptable. 
[wo companies, using coal tar coating, 
reported individual values of 0.3 and 2.8 
negohms per square foot of pipe area 
is the minimum acceptable for this ma- 
erial, 

With respect to decreases of coating 
esistance with time, most respondents 
tated that they could not indicate the 
ate of depreciation of coating resistance. 
lowever, one company stated that the 
esistance of asphalt mastic decreased ap- 
yroximately 99 percent in five years. An- 
ther company, with a minimum accepta- 
le resistance of 30 megohms per square 
oot, reported decreases to between 0.3 
ind 0.5 megohm per square foot in five 
years. 

Other companies reported decreases in 
ndividual installations of 13 percent in 
one year and 50 percent in four years. 
No information was reported on de- 
creases in asphalt or coal tar coatings. 

Table 3 shows the replies to the ques- 
tion on coatings. 


PIPE-TYPE CABLE CORROSION 


PROTECTION PRACTICES IN THE 
Grounding 

Grounding the pipe is necessary from 
the standpoint of safety. The provisions 
for grounding may complicate the ca- 
thodic protection and vice versa. Numer- 
ous methods of achieving grounding and 
cathodic protection were reported by 
eleven companies. 


Six companies connect the source end 
of the pipe directly to the station ground 
bus with a cable connection. Six compa- 
nies ground the source end of the pipe, 
through a resistor of 0.003 to 0.004 ohm, 
to the ground bus and energize the re- 
sistor by a cathodic protection rectifier. 


Three companies ground the source 
end of the pipe through a 2-volt stor- 
age cell. 


Two companies do not ground the 
pipe directly but provide connection 
through low voltage spark gaps or cut- 
outs. 


Cathodic Protection 


Thirteen companies provide cathodic 
protection to their pipes and four do 
not. The type of cathodic protection ap- 
plied is intimately related to the ground- 
ing method. 


TABLE 3 ee 
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Four of the six companies which 
ground their pipe directly to the station 
ground bus do not use cathodic protec- 
tion. The remaining two connect the pipe 
along its route to sacrificial anodes. 

Five of the six companies which 
ground the pipe through a resistor, con- 
nect a rectifier across the resistor to build 
up a potential difference in the order of 
0.4 volt between the pipe and the station 
ground. The sixth company connects a 
rectifier between the pipe and a buried 
anode at the station end of the line. Sup- 
plementing the protection provided by 
the station rectifier, two companies pro- 
tect the pipe between the stations by a 
rectifier and buried anode and another 
company connects the pipe to buried 
magnesium anodes at each manhole. 

The three companies which ground the 
pipe through a storage cell—use the cell 
as a source of cathodic protection cur- 
rent. 

The two companies which provide low 
voltage spark gaps or cut outs in the 
ground connection, connect the pipe to 
sacrificial anodes along the pipeline. In 
addition, one of these companies connects 
its pipe to sacrificial anodes near the 
station ground rods. 





| 
Acceptable | 
| Coating | 
| Cases of Coating | Resistance Average Soil 
| Deterioration (megohms Resistivity Can You Indicate the Rate of 

Material Used on Non-Buried Sections Experienced per sq. ft.) | (ohms-cm.) Depreciation of Coating Resistance? 

1 inch Hevi-cote on submarine crossing No 10 Above 32,000 Coating resistance measurements are hold- 
| ing fairly well. One installation, however 
| | decrease d about 50% in four r years. 

Underwater sections are coated with reinforced and shielded coal Yes ‘ioe | 8,000 to 15,999 | Our tests aleve goal ult mastic resistance 

tar enamel and a reinforced concrete covering. Sections in under- i & 28 decreases approx. 99% in 5 years. 
water tunnel are protected by paint or r epoxy -coal tar coating. | | 

Copper risers protected with pressure sensitive tape. No 17 |} 2,000 to 3,999 | One “asphalt mastic coated line checked 

| | | | after one year showed coating resistance 
| | | had decreased 13%. 
Asphalt mastic and cement underwater. earialt enamel on bide | No | 10 Unknown | No 
| 
In tunnel pipe is insulated from tunnel attachments. Pipe is exit No 10 | No data 
blasted; Subox Galvanox at point of attachment to concrete 1 | | | 
Coat ACB Primer & 1 Coat Tropilite Topcoat. In stream cross- | 
ing, Hevicote over asphalt mastic. | | 
| 
In tunnel pipe protected by 2 Coats Sipes #80 paint. No 10 Not known | Insufficis ient time in service. 
Portion of pipe in channel was laid in trench and is protected by | No | 2.3 100 (Est.) Inknown 
1 inch Hevi-cote re-inforced concrete. | | 
= = me age anee | sate | = a — 
Pipe on bridge protected by asphalt mastic. | No | 16.95 Not available | No, additionz ‘| measurements are ° required. 
| - | oma 
On Bridge—asphalt mastic underwater—Hevi-cote No | 10 4,000 to 7,999 | Not sufficient data available due. to fact 
| | that we have not been able to take lines 
| | out of service for tests. 
zs _ i ae — is acto _* 
nderwater 2 inch as sphalt mastic with l inch reinforced cement. | No | 10 | Oto 1,999 Not to date 
No non- burie d sections No | Oto 1,999 | No 
No non-buried sections Yes** | 10 | 4,000 to 7,999 | No 
| | 
| 

Pipes. on bridges and in tunnels are protected by paint coating. mone 30 2,000 to 32,000 | Installations show coating resistance de- 
| | creases asymptotically to between 0.3 and 

0.5 megohm/sq. ft. in 5 years. 
\nderwater pipes are protected by 1 inch reinforced concrete over No | 10 | 4,000 to 7,999 No 
asphalt mastic. 
No Experience | No 0.3 2,000 to 3,999 No 
| | | 
| | | 
No S) SR) Fs. . aki eaeuses | No 
Pipe installed in tunnel on porcelain rollers ee MD sy HP latte ace at aera No 





*In tide- water manhole, 


with pipe at two volts negative potentiz uw to ae r structures, it was tenes that paints, PV Cc tapes, and Thiokol coatings faile d. 


yrotective measure coal tar e namel has performed very well. 


** Coating was damaged by gasoline and by magnolia roots. 


PVC tape was applied in gasoline areas. 





Galvanized sheet steel used in root areas, 
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There was a wide range of answers to 
the question of pipe-to-soil potential 
sought for. With respect to the eight 
companies using copper sulfate electrodes 
for earth contact, three companies state 
that minus 0.85 volt was their sought for 
potential, and five companies reported 
desired potentials of 0.7, 1.0, 1.0, 1.2 and 
2.2 volts. With respect to the five com- 
panies using steel test electrodes, three 
looked for a pipe potential of minus 0.3 
volt with respect to the test electrode, 
one for a minus 0.4 volt, and one for a 
0.3 volt change in pipe potential. Of the 
four remaining companies, three did not 
reply to the question and the other re- 
plied “0.4 to 0.8 volt negative to soil.” 


ASSOCIATION OF 

With the view to reducing the anodic 
exposure of other underground structures 
resulting from the application of cathodic 
protection to the pipe-type cables, three 
companies make tests jointly with own- 
ers of structures in the vicinity of the 
pipe. Three companies maintain their 
coating at a high level of resistivity, one 
controls the level of cathodic protection, 
one provides for bond connections to 
other pipes, and one stated that the other 
structures are protected by magnesium 
anodes. Two companies stated that the 
pipe cable lines are installed in areas rel- 
atively free of underground structures, 
three companies make no provision for 
minimizing the anodic exposure of the 
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other underground structures. One com- 
pany using cathodic protection did not 
reply to this question. 


Performance of Cathodic Protection 
Equipment 

Cathodic protection equipment may be 
subject to potential damage from faults 
in the pipe cables, induced voltages in 
the pipe, and momentary surges caused 
by lightning and by switching of the 
cables. 


Only two of the seventeen companies 
had experienced pipe cable failures so 
far and both replied that no damage had 
been caused to the cathodic protection 
equipment installed in the ground con- 
nections. 


A 


i 


Insulating Material 


TABLE 4——Grounding and Cathodic Protection Practices 





|Between the Pipe and) How is Pipe Grounded at 


| 


Yes 


Company |Terminal Equipment?) 


} out 


Source End? 


Storage cell in connection to | 


ground bus. 


Is Pipe Connected 
Electrically En Route? 


Normally not grounded. How- 
ever, one short installation 
recently required sacrificial 


| anodes. 


1. 0.004 ohm resistor in con- 
nection to ground bus. 

2. Secondary cell in connec- 
tion to ground bus. 


Westinghouse oxide film cut- 
in connection to ground 
bus. 

Pipe connected to a magne- 
sium anode buried below floor 
of each manhole. 

Resistor in connection to 
ground bus. 


0.003 ohm resistor in connec- | 
tion to ground bus. 


Through resistor through 
which cathodic protection 
current flows. 


Pipe connected to sacrificial 
anodes near station ground 


rods. 


Final installation to include | 
resistor in connection to 
ground bus with cathodic pro- | 
tection rectifier between pipe 
and graphite anodes. 

Cable 


connection to ground 


| bus by means ot four parallel | 


1/0 rubber insulated cables. 


Spark gap in connection to 
ground bus. 

Pipe connected 
anodes near 


rods. 


to sacrificial 
station ground 


Storage cell in connection to 
ground bus. 

Resistor in connection to 
ground bus with rectifier con- 
nected across resistor for par- 
tial cathodic protection. 


Cable 


bus. 


connection to ground 


Cable connection to ground 
bus. 


Cable connection t 


bus. 


ground 


Cable 
bus. 


connection to ground 


Cable connection to 


bus. 


ground 


| To cathodic protection recti- 
| fier at submarine crossing. 


To pipe of adiacent pipe cable 


| in same manhole 


To pipe of adiacent pipe cable 


| in same manhole and to sacri- 


ficial anode at each manhole. 
To cathodic protection recti- 
fier being installed (1957). 


To sacrificial anodes at one 


| location only. 


Not grounded 


To sacrificial anodes. 


Not grounded, 


To sacrificial anodes at 
specific locations, 


two 


To pipe of adiacent pipe cable | 


in same manholes. 
To sacrificial anodes. 


To sacrificial anodes. 


To sacrificial magnesium 
anodes. 


Ground rods in manholes. 
Drainage connections to rail- 
way negative bus. 

Not grounded. 

To copper or copper-weld 
ground rods. 


To copper or copper-weld 
ground rods. 


To copper or copper-weld 


| ground rods. 


* One line has a polarization cell inserted between the pipe and ground connection at each end. 
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| odes and 
| bus 


Is Pipe Grounded at End 
Remote from Source? 


| Yes. Storage cell in connec- 


tion to ground bus. 


Yes. On each feeder, the 


grounding at the remote end | 
is the same as at the source | 


| end. 


Yes. Through sacrificial an- 


to station ground 
through voltage 
down gap. 


Yes. 


| Yes. Both ends grounded 
resistors to ground 


through 
bus. 


Yes. Through spark gap. 


Yes. Pipe connected to mag- 
nesium anodes. 


Yes. The grounding at the 
remote end is the same as at 
the source end. 


Yes. Pipe is grounded by | 
f 1/0 | 


means of four parallel 
rubber insulated cables to 
station ground mass at each 
end of line.* 

Yes. Through spark gap con- 
nected to ground bus. 


Yes. Storage cell in connec- 
tion to ground bus. 


Yes. Same as at source end. 


Yes. Same as at source end. 


Yes. Cable connection to 
ground bus. 

Yes. Cable connection to 
ground bus. 

No. (Earth plate is consumed 
by the stray current). 


Yes 


break- | 


Resistor in connection | 
to ground kus. 


Insulating 
Joints in 
Cable Pipe? 


No 


“No 





Cathodic 
Protection 
Used? 


Yes 
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was grounded through low resistance ca- 
thodic protection equipment). One of 
these companies identified the cause as 
switching surges and corrected the con- 
dition by installing a grounding resistor 
and cathodic protection rectifier at the 
remote end. The other company replaced 
the spark gaps with thyrite protectors. 
One company, whose lines were pro- 
tected by magnesium anodes buried 
below its manholes reported that the ox- 
ide film cut-out in the grounding con- 
nection became fused and thus grounded 
the pipe. The fusing was eliminated by 
connecting a one-ohm resistor between 
the pipe and the station ground. A fourth 
company, whose former method of 


grounding was through spark gaps, re- 


Four companies stated that they had 
observed the presence of continuing in- 
duced voltages or currents in the pipe. 
One company stated that 6 volts a-c was 
measured, but that the source of induc- 
tion was not determined. A second com- 
pany traced the induction to a traction 
system and improved the condition by 
installing drainage bonds, and another 
company stated that an electrolytic plant 
operated near the pipe line and mitiga- 
tion was obtained by omitting the ground 
plate. The fourth company did not iden- 
tify the nature or cause of the inductions. 

Five companies reported transient pipe 
voltages or currents. Two companies re- 
ported that spark gaps at the remote end 
of the pipe flashed over (the source end 


TABLE 4 (Continued) 


E UTILITIES INDUSTRY 123 


moved the gaps and installed the resistor- 
rectifier method of cathodic protection at 
both ends of the pipe. The fifth company 
found that, notwithstanding the resistor- 
rectifier method of protection at both 
ends of the pipe, switching surges caused 
flashover of insulating flanges in the oil 
lines connected to the cable pipe and 
that corrective measures were being in- 
vestigated. 


Discussion 
A comparison of the replies to the cur- 
rent questionnaire and the previous one 
suggests that several trends are evident 
in the corrosion protection of pipe cables. 
A wider variety of coatings is now 
available with the introduction of the 





= = 
Oil or Gas Supply | 
Value of Pipe-to-Soil | Lines Insulated From | 


What Type of Cathodic Protection? Potential Sought for The Cable Pipe? 





1. Secondary cell in ground cable connection —1.0 volt to CuSO | Yes 
2. Sacrificial anodes along pipe line. | electrode over pipe. 
3. Drainage connection to railway system. 


oie = = 


Provisions Made to Minimize Anodic Exposures 
of Other Underground Structures Resulting 
From the Application of Cathodic Protection 





Maintenance of high resistance coating on pipe. 


Control of cathodic protection level. 





| Provision “and maintenance of high resistance coating 


on pipe. Tests with other utilities, using temporary in- 
stallation of cathodic protection. 











1. Current—energized resistor in ground cable con- | — 0. 3 voll to aia neal Yes | 
nection. electrode in earth. 
2. Secondary cell in ground cable connection. | 
3. Cathodic protection rectifier between pipe and | 
buried anode at submarine c rossing. | 
1. Sacrificial anodes along pipe line. | —1.0 volt to remote | No 
2. Rectifier being installed between pipes and nega- | CuSOs half cell. 
tive returns of street railway system (1957). 
| 
| | 
: Cathodic protection rectifier between pipe and | —0.3 vole | Yes 
ground bus. , SF : | 
2. Cathodic protection rectifier between pipe and | 
buried anode. : 
3. Sacrificial anodes along pipe line but not tied in | 
as yet except as noted. 
Current Sneeze resistor in ground able con- | 0.3 volt change Yes 
nection at both terminals. 
Current energized resistor in ground cable con- | - 0.85 volt peterced to No 
nection. CuS0Os half cell. | 
| 
Sacrificial anodes along pipe line. Meaanved ons 23 to | Yes 


-1.40 volts referred to 
| CuSOs electrode. 
—(, 85 volt to CusO1 No. Pumping plant and 
| half cell. storage tanks are in- 
| sulated from supply lines. 


Cc athodic protection rec tifier between f pipe and 
buried anode. Final connection not completed. 


Sacrificial anodes at underwater | Crossings on two | - 0.85 volt t to , CuSO | Yes 
of our lines, | half cell. 








Sacrific ial anodes ‘along pipe line. | 0.4 to 0.8 volt negative Yes 
| to soil. | 
| 
| 
Storage cell in ground cable ¢ connection. 2.2 volts | Yes 


Curent —energized resistor in ground cable con- | 
nection at each end of each circuit. Two magnesium | 


anodes at each manhole. 


Sacrificial anodes ¢ are connec cted to two pipes. 


0.7 volt referred to 
CuS0Os half cell. 


0.3 volt | 


-0.4 volt 


No. Oil lines are insulated | 


from the oil pressure con- 
trol devices. 


Yes 





None at the present time. 





| 
None required. 


Crossings ‘checked bet | no damaging effects on other 
structures by cable lines were found. 





‘High r resistance asphalt mas itic coating limits cathodic 


protection current to 100 to 200 milliamperes. 





All ‘other pipes in crossing have individual magnesium 
anodes. 





Two cathodic protection systems along line and plan 
to have capacity available for ties if requested. 


Portion of pipe under protection in area a relatively free 
from other underground structures. 


he anodes are OTLEY Pittsburgh Céatcnion Com- 
mittee is advised and joint tests are made. 


Pipeline is isolated from others. 


None 
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TABLE 5—Performance 


If so, Was the 


The Cathodic 
Protection 
Impaired? 


Functioning of 


Have You Experienced 


Company | Pipe Cable Failures? 


A Yes No 


B Yes No 


No 
No 


No. However, corrosion 
caused pipe failure’ in 
manhole under a poten 
tial wire connection. 


No 
No 


No 


coal tar enamels possessing relatively 
high softening points (e.g., “hot line” 
enamel) and epoxy coatings introduced 
during the period covered by the survey. 
Little data are available on the perform- 
ance qualities of the newer materials for 
pipe cables. However, one company re- 
ported that it had installed substantial 
mileage of coal tar enamel pipe (54 
miles) in 1958. These installations were 
not included in the current report since 
they were energized in 1959. Future in- 
stallations of pipe cable will be designed 
to carry greater amounts of energy and 


Have You Experienced 
Continuing Induced 
Pipe Voltages or Currents 
| While The Pipe Cables were 
Operating Normally? 


Yes 
No 


| A maximum of 6 volts a-c 

has been measured on the 
The source 
has not been definitely de- 
No corrective | 
measures have been taken. 


longest line. 


| termined. 


of Cathodic Protection Equipment 


| What Was the Source of 
The Induction and How 
Was the Condition 
Improved? 


Have You Experienced Effects of 
Transient Pipe Voltages or 
Currents While the Pipe Cable Were 
Operating Normally (e.g. Lightning, 
Switching Surges) ? 


No 

Yes. When feeder 11001 (now 18001) wz 
constructed in 1949 a spark *ap was in 
stalled for cathodic protection purposes i 
| the ground connection. The gap was ir 
stalled in series with the ground connectio 
between the pipe and the station groun 
bus. Several unexplained breakdowns « 
the gap occurred until staged switchin, 
| tests showed that switching surges broke 
| down the gap. The condition was correctec 
| by replacing the gap with a 2 volt battery 
(later a resistor and rectifier) in the ground 

ing connection. 


Yes. Induced voltage caused the oxide 
film cutouts to fuse and ground the lines 
At two locations a one ohm resistor wa 
placed between the pipe and station ground 


| Yes. On the 1953 line the original installa 
tion consisted of spark gaps in connectior 
| to the ground bus. These gaps were blow 
| ing frequently. The gaps were removed an 
the pipe tied to ground through a resistor 
with a rectifier energizing it. 





No 
| Yes. Discharge of spark gap occurred at 
remote end. Spark gaps replaced with thy 
rite protectors in June of 1957 due to 
continual freezing together of spark gay 
contacts. 

No 


No 
No 





No 
No 


| Yes. During switching surges flashover oc- 
| curred at insulating flanges with no appar- 
| ent damage. Corrective measures are being 
| investigated. 


| Traction system was 


source of induction. 
improved 


| dition was 
| drainage bonds. 


Con- | 
by 


There is an electrolytic 


; plant near 


the pipe line. | 


| Only the source end of the | 
pipe is connected to the 


| earth plate. 


coating performance should be equal to 
the future requirements. 

The resistor-rectifier method of ca- 
thodic protection was introduced during 
the period covered by the report and is 
finding wider application among the 
companies operating pipe cables. 

There have been relatively few fail- 
ures of pipe cables. (The few failures 
which were reported were not necessarily 
caused by corrosion.) Thus the merits of 
the various cathodic protection schemes 
are yet to be evaluated from the stand- 


point of withstanding damaging fault 
currents, 

Additional study appears to be indi- 
cated for the problems of induced volt- 
ages in the pipes and the effects of 
switching surges in breaking down spark 
gaps in the grounding connections, and 
insulating joints in oil lines connected to 
the cable pipe. 
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Magnesium Anodes for the Cathodic Protection of Naval Vessels * 


By L. J. WALDRON and M. H. PETERSON 


Introduction 

J. HE US. Navy some eight years ago 

started cathodic protection of de- 
royer-type vessels with magnesium 
nodes. Various types of block magne- 
ium anodes containing steel supporting 
traps were either bolted or welded to 
he bilge keel or hull plating. Both con- 
rolled and uncontrolled systems were 
sed. After one or two years of opera- 
ion, the vessels were docked and the 
iulls and anodes inspected. A general 
ummary of the performance of ca- 
hodic protection obtained on these ves- 
sels after various periods of operation 
follows:1 


1. Cathodic protection was judged to 
ve 90 to 100 percent effective in elimi- 
nating corrosion of the underwater hull. 
The degree of protection for the rud- 
ders, shafts, and struts was slightly 
lower, about 85 to 95 percent. In gen- 
eral, the protection afforded during the 
second year of operations, though still 
effective, was slightly less than that 
obtained during the first year. 

2. The vinyl paint peeled at various 
areas of the keel and hull close to the 
magnesium anodes. Bare metal, free of 
rust, showed where the paint had peeled. 
Much of the coating was missing from 
the rudders, rudder skeg, shaft and 
struts. Light superfical surface rust was 
noted on the bare metal of these ex- 
posed areas. Except for a few isolated 
areas, no pitting was observed. 

3. Most of the anodes were 60 to 85 
percent consumed in a one-year period 
of operation. This deterioration was 
much greater than anticipated and was 
attributed to an excessive loss of cur- 
rent from the anodes to adjacent steel 
parts of the anode assembly and bare 
areas of the hull. Improved anode de- 
signs and installations are necessary to 
ensure a 24 to 30 month life. 

4. The current required to maintain 
a given potential (0.75-0.85 volts to 
Ag-AgCl) increased with time during 
the first year, probably as a result of 
the exposure of increasing areas of bare 
metal from deterioration of the paint. 
\t the end of the first year this was 2 
to 4 times as much as at the start. The 
current requirements were essentially 
constant during the second year and 
ndicated that comparatively little addi- 
ional deterioration of the paint oc- 
urred. 


5. Little difference due to velocity 
vas noted in the current requirements 
mce the vessel was underway, but ap- 
‘roximately twice as much current was 
equired to maintain a given potential 
vhen the ship was moving as when it 
* Submitted for publication January 17, 1961. A 
paper presented at the 17th Annual Conference, 
National Association of Corrosion Engineers, 


Buffalo, New York, March 13-17, 1961. 
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was stationary. Grounding the vessels to 
piers or adjacent ships decreased the 
potential. 

6. The potential determined by refer- 
ence electrodes over the propellers was 
always 50 to 70 millivolts more ca- 
thodic than the average potential at 
various locations on the hull. 


7. No evidence was obtained that ca- 
thodic protection either inhibited fouling 
or was interfering with the antifouling 
properties of the paint. 


Objectives of Cathodic Protection 

As a result of these preliminary ex- 
periences, the objective of cathodic 
protection of naval vessels can be set 
forth as: 

1. The cathodic protection system 
should provide 24 to 30 months of free- 
dom from corrosion of all underwater 
parts of the vessel. 

2. It should be relatively inexpensive 
to install. 

3. Operation of the system should 
not cause excessive deterioration of the 
paint. 

4. It should require little or no main- 
tenance. No attention should be re- 
quired of ship’s personnel. 


Magnesium Anodes for Cathodic 
Protection 


Magnesium has proven to be a de- 
pendable galvanic anode. Magnesium 
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Abstract 


The paper describes the results of a cooper- 
ative investigation with the Bureau of Ships 
on the performance of magnesium anodes 
in the cathodic protection of naval vessels. 
Coated magnesium anodes were applied in 
1958 to three destroyers and their perform- 
ance evaluated after two years of operation. 
By attaching additional coated anodes to 
the number of uncoated anodes required 
for initial protection, and having divers re- 
move some of the coatings from time to 
time (when indicated by potential meas- 
urements), a service life of three years is 
easily obtainable from one installation, All 
the vessels were docked after two years and 
their hulls found to be in excellent condi- 
tion with little or no corrosion. 5.2.2, 


anodes will deliver current until almost 
exhausted. Their current output is only 
slightly reduced with time since they do 
not tend to film over. For the protec- 
tion of steel in seawater, their driving 
voltage is on the high side which will 
overprotect and waste current to adja- 
cent bare areas. For this reason, all bare 
metal should be kept at a minimum. 

The fact that appreciably more cur- 
rent will be required after a years’ op- 
eration of the vessels suggests that any 
cathodic protection system should be 
able to increase its current output cor- 
respondingly. A conventional system 
with a fixed number of operating mag- 
nesium anodes will not increase the cur- 
rent output with time; in fact, if any- 
thing, its current output will decrease. 
The most practical way of accomplish- 
ing an increase in current is to add 
additional anodes after the first years’ 
operation. This is difficult to do with- 
out docking which is a relatively ex- 
pensive operation. The suggestion has 
been made that anodes be renewed 
underwater by divers without docking 
the vessel. While it may be possible to 
do this, it would be carried out with 
difficulty and might prove expensive. 

Another difficulty in using a fixed 
number of uncoated anodes is that their 
number should be such as to supply a 
given current for some average condi- 
tion of the hull. This means that an 
excess of current will be provided when 
the paint coating is fairly intact and 
new and that insufficient current will 
be furnished when the coating is old 
and badly deteriorated. Excessive cur- 
rent may hasten the deterioration of 
paint while an insufficient amount may 
result in corrosion of the hull. 

The introduction some years ago of 
plastic-coated magnesium anodes as a 
means of controlling the current from 
these anodes suggested that by install- 
ing an excess of fully coated anodes at 
the original installation, and then hav- 
ing divers uncover additional anodes as 
they are needed, this might provide a 
system answering the specifications pre- 
viously discussed. 

Such systems were discussed with the 
Bureau of Ships and the leading suppli- 
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Figure 1—Original arrangement of coated magnesium anodes on one bilge keel. 


Figure 3—Appearance of rudder after 16 months’ service. 


ers of magnesium anodes with the result 
that three destroyers were outfitted in 
1958 with experimental installations. 
The work was a cooperative project be- 
tween the Bureau of Ships and the U.S. 
Naval Research Laboratory. 


Installation Details 

The three selected for 
experimental anode tests were: 
USS Cecil DDR-835 
USS Stickell DDR-888 
USS O’Hare DDR-889 
anodes were 9 inches wide, 18 
inches long, and 4 inches thick and 
weighed approximately 44 pounds. 
Each anode contained two cast-in steel 
supporting straps. All anode surfaces 
and a portion of each supporting strap 
were coated by the manufacturers with 
a 3/16 inch plastic coating. The anode 
surface was not pretreated prior to ap- 
plication of the coating so that little or 
no adhesion existed between anode and 
coating. Twenty anodes were attached 
in a line on each keel about 18 inches 
apart between frames 100 and 130. They 
were secured by welding the supporting 
straps to the bilge keel. An extra thick- 
ness (25 mils) of vinyl coating ex- 
tended on 3 feet above the 


vessels these 


The 


the hull 3 
bilge keel. This coating also extended 
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under the bilge keel to the hull. The top 
plastic coating was stripped from selected 
anodes on both keels of each destroyer 
prior to undocking. 

Figure 1 shows the arrangement of 
anodes on one of the vessels. The num- 
ber of anodes uncovered originally on 
each vessel was as follows: 

USS Cecil 
USS Stickell 7 each side 
USS O’Hare 5 each side 

After the vessels had been in service 
approximately one year, divers uncovered 
additional anodes as follows: 

USS Cecil 10 each side 
USS Stickell 8 each side 
USS O’Hare 5 each side 

The three vessels undocked the first 
part of November 1958 and were in ac- 
tive service until docked on 18 February 
1960 after approximately 16 months. 


10 each side 


Potential Measurements 

After the three vessels had been in 
service for approximately one year, po- 
tential surveys were made of each hull 
while the ships were tied to piers at the 
Norfolk, Virginia Naval Operating Base. 
For these measurements, a silver-silver 
chloride reference electrode was im- 
mersed to a depth of 5 feet and as close 


Figure 4—Appearance of anodes after 16 months. 


as possible to the hull at selected posi- 
tions around the periphery of the deck. 
Approximately 24 positions were selected 
at intervals of every 20 frames (30 feet). 


A high resistance (200,000 ohms per 
volt) voltmeter was used. Similar meas- 
urements were again made in February 
1960, a few days prior to the docking of 
the three vessels. 

Typical potential data obtained from 
one of the vessels is shown in Table 1 
with a general summary of the three 
vessels in Table 2. 

The observed potentials were lowest at 
the stern undoubtedly due to the pres- 
ence of the bronze propellers. Note that 
the potentials between frames 100 and 
140 were nearly one volt or over. The po- 
tential readings at these locations were af- 
fected by the magnesium anodes attached 
to each bilge keel between frames 100 
and 140. Consequently, the observed po- 
tentials here are not representative of 
those of the steel hull. 

The potentials reported in these two 
tables were obtained while the vessels 
were stationary. They will drop when the 
vessels are underway. The exact decrease 
in potentials under these conditions is 
unknown since no means were provided 
for making measurements under moving 
conditions. The uncovering of additional 
anodes in November 1959, in general, 
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figure 5—Appearance of an individual anode after 16 months, showing loss of contact with the steel 
supporting straps. 


TABLE 1—Potentials (to Ag-AgCl) Obtained on the USS Cecil 


| STARBOARD, VOLTS 
| Oct. 1959 





PORT, VOLTS 
Feb. 1960 


'rame Oct. 1959 | Feb. 1960 

PRES ca ket aks baa ne enaeeh | 0.82 0.92 0.82 0.88 
BEN ae fod s KORO CRA ER Cake catie | 0.82 | 0.91 0.82 | 0.88 
ME yt he Vere Sed Nr sere raat As 0.82 0.91 0.83 0.89 
RNa sche estes : | 0.81 | 0.92 0.84 0.90 
RO Se eo i cael re caren ota 0.86 0.93 0.86 0.92 
EEC Raed rg 1 cs crsiise's dion eaarars al 1.05 1.05 0.95 1.02 
Perc aies okie Gb nikkis Oats ees | 1.15 1.19 0.97 1.05 
The ee One oes coal 1.00 1.10 0.89 | 0.98 
ROE aia ethno ak Cae era ee 0.85 0.93 0.85 | 0.90 
Haig coo ante ele awake cee ene 0.77 0.87 0.79 0.86 
Sane craG eee raat 0.71 0.82 0.73 0.83 
Bee ER es see 0.70 0.82 0.71 0.82 
No. of anodes exposed............. 10 20 | 10 | 20 


TABLE 2—Average Potentials Obtained on Three Vessels 








| No. Exposed | 
| 


VOLTS TO Ag-AgCl 


Stern 





Vessel Anodes Date Bow Midship | 
Cee 23.5 025 ; 20 15 Oct. 1959 | 0.82 0.85 0.72 
| 40 17 Feb. 1960 0.90 0.92 0.83 
Stickely  ..c.00.| 14 15 Oct. 1959 | 0.72 | 0.81 | 0.72 
30 | 17 Feb. 1960 | 0.90 0.81 | 0.81 
O'Hare... 10 15 Oct. 1959 | 0.78 | 0.79 | 0.70 
20 - | 17 Feb. 1960 | 0.74 0.79 0.75 


had the effect of increasing the potentials 
of the steel hulls. 


Inspection of Hulls—February 1960 

After 16 months of operation, the hulls 
of all three vessels were nearly free from 
corrosion and could be considered ex- 
cellent from this standpoint. A few iso- 


lated spots of bare metal were covered 
with light superficial rust. The rudders 
and struts had lost a portion of their pro- 
tective coating with subsequent exposure 
of bare metal. Except for one area on 
the rudder skeg of one ship, all exposed 
metal on these parts was free of rust and 
pitting. The coating was fairly intact on 


Any discussion of this article not published above 


will appear in December, 1961 issue. 
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all shafts with little or no rusting. All 
openings were relatively clean and free 
of corrosion. The paint on all three ves- 
sels was in fairly excellent condition. 
Some deterioration of the paint was 
noted on the hull just above the anodes. 
Figures 2 and 3 show typical areas of the 
struts and rudders with considerable ex- 
posed bare metal free from corrosion. 


Performance of Anodes 

Figure 4 shows the anode array on the 
bilge keel of one of the destroyers after 
16 months’ service. All anodes that had 
been uncovered throughout this period 
deteriorated to the point where little or 
no magnesium remained on the support- 
ing straps. These particular anodes can 
be said to have a maximum life of 16 
months. 

Figure 5 is a close-up showing failure 
of a typical anode. After the bare metal 
of the strap is exposed, rapid deteriora- 
tion of the magnesium occurs with loss of 
contact with the supports and eventual 
loss of the anode. The anodes uncovered 
by divers in November 1959 were 30 per- 
cent deteriorated in 4 months. The plas- 
tic coating of many of the anodes ap- 
peared to become brittle with age and to 
break off from the force of moving 
through the water. A coating that would 
adhere to the sides of the anode and the 
supporting straps should increase the life 
of the anode. Also eliminating the sup- 
porting straps and securing the anode by 
bolts or studs through the bilge keel 
should also increase the life of the anode. 


Summary And Conclusions 

1. By using a coated magnesium anode, a 
maintenance-free cathodic protection 
system can be installed on Naval vessels 
up to and including destroyer sizes that 
will provide 24-30 months of adequate 
protection to all underwater parts from 
corrosion. 


2. More efficient anodes could be pro- 
vided by eliminating the cast-in sup- 
porting straps and substituting a stud or 
bolt-type of attachment. The use of an 
adherent type of coating could also in- 
crease the efficiency of the anodes. 
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It’s different! a completely new 


ANODE MATERIAL 


Developed after years of extensive research for 


the cathodic protection of piers, off-shore 
drilling rigs, heater-treaters, or any structure 


employed in or handling salt, brackish, or high 


temperature fresh water 


THE RESULTS 
OF TESTS 


OR 51 anodes weré 
released for field trials unt 


they had passed 


n envirc 


e either severe 


and non-metallic 
been no indic 
attack in any of the field tests 
reported; and in general, these tests 
have substantiated laboratory data 
Significantly, in some cases, the 
DURICHLOR 51 anodes have 


in service approximately one year 


been 


showing no sign of selective 
attack in applications where other 
materials have failed in as short 


a tir 


e as two months 


THE DURIRON COMPANY, 


THE 
DEVELOPMENT 


The introdu 
high silicon iro 
DURIRON 


materi 


as an 


however, in which 
neither DURIRON nor the 
molybdenum containing 
alloy, Durichlor, were 
completely satisfactory 
Research was begun 
back in 1954 in the 
DURCO laboratories. The 
alloy that showed the 
most promising results 

t progressed through 

aboratory had 

been designated D-51X 
When field 
begun, the material 
was referred to as 
DURCO 0-51. Now that 
all test data prove its 
merit, the material is 
made commercially 
available as 
DURICHLOR 51. 


trials were 
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APPLICATION 


JRICHLOR 51 was 
J oped as an anode 
material for application 
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high temperature fresh 
waters, and in chloride 
containing soils where 
the chlorine generated at 
the anode surface was n 
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surrounding environment 
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three ways Corban helps cut 
secondary recovery costs 


Many producers are cutting expenses of secondary 
recovery projects by using Corban®, Dowell’s family 
of versatile, low-cost corrosion inhibitors. Corban helps 
reduce costs in three important ways: 

FIRST, Corban greatly extends the life of tubular 
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tion plugging. It reduces the formation of insoluble iron 
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help disperse organic deposits. In most fields, Corban 


helps increase water injection rates and/or decrease 
injection pressures. 

THIRD, Corban reduces sucker rod failures caused 
by corrosion. Sucker rod life has been lengthened 
dramatically when treatments using Corban were begun. 


Corban also helps control corrosion in gas wells, 
flowing oil wells and salt water disposal projects. Twelve 
different formulations are available to meet a wide 
range of well conditions. Ask your Dowell representative 
for full information. Dowell services and products are 
offered in North and South America, Europe, North 
Africa and Iran. Dowell, Tulsa 14, Oklahoma. 
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